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Designation: D 5730 — 98

Standard Guide for

Site Characterization for Environmental Purposes With ‘g—j@“\‘

Emphasis on Soil, Rock, the Vadose Zone and Ground
Water’

This standard is issued nnder the fixed designation T} 5730; the number immediately following the designation indicales the vear of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon () indicates an editorial change since the last revision or reapproval.

INTRODUCTION

This guide covers the selection of the various ASTM Standards that are available for the
investigation of soil, roclk, the vadose zone, ground water, and other media where the investigations
have an environmental purpose.” It is intended to improve consistency of practice and to encourage
rational planning of a site characterization program by providing a checklist to assist in the design of
an environmental reconnaissance/investigation plan. The subsurface conditions at a particular site are
usually the result of a2 combination of natural geologic, topogrephic, hydrologic, and climatic factors,
and of historical modifications both natural and manmade. An adequate and internally consistent site
characterization program will allow evaluation of the results of these influences. Site characterization
for engineering, design, and construction purposes are addressed in a separate guide, Guide D 420.

The understanding of environmental processes occurring in soil and.rock systems depends on - - -

adequate characterization of physical, chemical, and biological properties of soil and rock. Processes
of interest may include, but are not limited to, surface and subsurface hydrology, contaminant
mobilization, distribution, fate and transport; chemical and biological degradation of wastes; and
geomorphological/ecological processes. Although this guide focusses primarily on characterization of
soil and rock, it is understood that climatic and biotic factors may alsc be important in understanding
environmental processes in soil and rock systems. :

1. Scope

1.1 This guide covers a general approach to planning field
investigations that is useful for any type of environmental
investigation with a primary focus on the subsurface and major
factors affecting the surface and subsurface environment.
Generally, such investigations should identify and locate, both
horizontally and vertically, significant s0il and rock masses and
ground water conditions present within a given site area and
establish the characteristics of the subsurface materials by
sampling or in situ testing, or both. The extent of character-

! This guide is under the jurisdiction of ASTM Committee D-18 on Soil and
Rock and is the direct responsibility of Subcommittee D18.01 on Surface and
Subsurface Characterization.

Current edition approved March 10, 1998, Published December 1998. Ori ginally
published as T 5730 — 95. Last previous edition D 5730 - 97.

2 This guide is under the jurisdiction of Subcommitiee D18.01 (Surface and
Subsurface Characierization) of the Committee on Soil and Rock, and as such has
a primary focus on subsurface characlerization, including soil, rock, and fluids
contsined {herein {including liquid and gaseous components), and subsurface biota,
Surface hydrology, meteorology, air quality, geomerphic processes, biota, and waste
materials (when present at a site) are to a greater or lesser extent linked to
enyironmental processes in soil and rock systems. Consequently other ASTM
methods of particular relevance to environmental site investigations are identified in
this guide, but are addressed in less detail. '

jzation and specific methods used will be determined by the
environmental objectives and data quality requirements of the
investigation. This guide focuses on field methods for deter-
mining site characteristics and collection of samples for further
physical and chemical characterization. This guide does not
address special considerations required for characterization of
karst and fractured rock terrane. In such hydrogeologic settings
refer to Quinlan and Guide D 5717, (1). _ S
1.2 This guide refers to ASTM standard metheds by which
soil, rock, vadose zone, and ground water conditions may be
determined. Laboratory testing of soil, rock, and ground-water

-samples is specified by other ASTM standards which are not

specificalty discussed in this guide. Laboratory methods for

measurement of physical properties relevant to environmental =

investigations are included in Appendix X1.

1.3 The values stated in SI units are to be regarded as the
standard. ’

1.4 This standard does not purport to address all of the
safety concerns, if. any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

Capyright © ASTM Inlernatianal, 100 Barr Harbor Drive, PO Box C700, Wast Gonshohocken, PA 12428-2859, Uniled Stales.
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1.5 This guide offers an organized collection of mfarmatzon
or a series of options and does not recommend a specific
course of action. This document cannot replace education or
experience and should be used in confunction with professional
Judgment. Not all aspects of this guide may be applicable in all
circumstances. This ASTM standard is not intended to repre-
sent or replace the standard of care by which the adequacy of
a given professional service must be judged nor should this
document be applied without consideration of a project's many
unique aspects. The word “Standard” in the title of this
document means only that the document has been approved
through the ASTM consensus process.

2. Referenced Documents

2.1 The pertinent ASTM guides for selection of field inves-
tigation methods are listed at appropriate points in the sections
that follow, and a.comprehensive list of guides, standards,
methods, practices, and terminology is contained in Appendix
X1. Table X1.1 and Table X1.2 provide an index of field and
laboratory standerds listed in Appendix X1.

2.2 ASTM Standards:

C 998 Practice for Sampling Surface Soil for Radionu-

clides®

D 420 Guide to Site Characterization for Engineering, De-

sign, and Construction Purposes*

D 422 Test Method for Particle-Size Analysis of Soils"

D 653 Terminology Relating to Soil, Rock, and Contained

Fluids*

D 1140 Test Method for Amount of Material in Soils Finer

than the No. 200 (75-pm) Sieve*

D 1452 Practice for Soil Investigation and Sampling by

Auger Borings*
D 1586 Test Method for Penetration Test and Split-Barrel
Sampling of Soils*

D 1587 Practice for Thin-Walled Tube Geotechmcal Sam-

pling of Soils*

D 2113 Practice for Diamond Core Drilling for Site Inves-

© ftigation*
D 2434 Test Method for Permeability of Granular Soils
{Constant Head)*

D 2487 Classification of Soils for Engineering Purposes
(Unified Soil Classification System)*

D 2488 Practice for Description and Identification of Soils
(Visual-Manual Procedure)*

D 2922 Test Methods for Density of Soil and Soil-
Aggregate In Place by Nuclear Methods (Shaliow Depth)*

D 3404 Guide for Measuring Matric Potential in the Vadose
Zone Using Tensiometers*

D 3441 Test Method for Deep, Quasi-Static, Cone and
Friction-Cone Penetration Tests of Soil*

D> 3550 Practice for Ring-Lined Barrel Sampling of Soils*

D 3584 Practice for Indexing Papers and Reports on Soil

and Rock for Engineering Purposes*

D 4043 Guide for Selection of Aquifer-Test Method in

Determining of Hydraulic Properties by Well Technigues*

3 Annual Book of ASTM Standards, Vol 12.01,
* Annual Book of ASTM Standerds, Vol 04.08.

D 4044 Test Method (Field Procedure) for instantaneous -
Change in Head (Slug Tests) for Determining Hydraulic
Properties of Aquifers*

D 4050 Test Method (Field Procedure) for Withdrawal and

Injection Well Tests for Determining Hydraulic Properties
of Aquifer Systems* .
D 4104 Test Method (AnaIytlcal Procedure) for Determin-

ing Transmissivity -of Nonleaky Confined Agquifers by -

Overdamped Well Response to Instantaneous Change il
Head (Slug Test}* . . C

D 4105 Test Method (Analyt:lcal Procedure) for Determm~
ing Transm1551v1ty and Storage Coefficient of Nonleaky
Confined Aquifers by the Modified Theis Nonequilibrium
Method*

D 4106 Test Method (Analytical Procedure) for Determin-
ing Transmissivity and Storage Coefficient of Nonleaky
Confined Aquifers by the Theis Nonequilibrium Method* ...

D 4127 Terminology Used with Ton-Selective Electrodes®

- D 4210 Practice for Interlaboratory Quality Control Proce-

dures and a Discussion on Reporting Low Level Data®

D 4220 Practice for Preservmg and Transportm.g Soil
Samples?

D 4448 Guide for Sampling Groundwater Monitoring
‘Wells® :

D 4547 Practice_for, Samplmcr Wastc: and Soﬂs for Volatlle
Organics® -

D 4630 Test Method for Determmmo Transmlssmty and .

Storativity of Low Permeability Rocks by In Situ Mea-

surements Using the Constant. Head Injection Test* - - . ...

D 4631 Test Method .for Determining Transmissivity and

Storativity of Low Permeability Rocks by In Situ Mea- ..

surements Using the Pressure Pilse Techmique*

D 4687 Guide for General Planning .of Waste. Sampling® ... :

D 4696 Guide for Pore-Liquid Sampling from the Vadose
Zone*
D 4700 Guide for Sell Samplmg ﬁ:om the Vadose Zone

D 4750 ‘Test Methed. for -Determining Subsurface Liguid. .

Levels in a Borehole or Momtonng Well (Observatlon
Weli)* " -

D 5079 Practices for Presemng and Transportmc Rock
Core SBamples” - -

D 5084 Test Method of - Hydrauhc Conductmty of Satu—
rated Porous Materials Usmg a Flexible Wall Permeame-
ter’

D 5092 Practice for Desagn and Installation of Ground
Water Manitoring Wells in Aquifers” ‘

D5093 Test Method for Field Measurement of Infiltration
Rate Using a Double-Ring Infiltrometer With a Sealed-
Tnner Ring’

D 5195 -Test Method for-Bensity of Soil and Rock In-Place
at Depths Below the Surface by Nuclear Methods” A

D 5234 Practice for Minimum Set-of Data Elements io - ...

Edentify a Ground-Water Site’
D 5269 Test Method for Determining Transmissivity of

* dnnial Book of ASTM Siandards, Vol 11.01,
& Annual Book of ASTM Standerds, Vol 11.04. -
? Annyal Book of ASTM Standards, Vol 04.09.
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Nonleaky Confined Aquifers by the Theis Recovery
Method”

D 5270 Test Method for Determining Transmissivity and
Storage Coeflicient of Bounded, Nonleaky, Confined Aqui-
fers’

D 5314 Guide for Soil Gas Monitoring in the Vadose Zone’

D 5408 Guide for Set of Data Elements to Describe a
Ground-Water Site; Part 1—Additional Identification De-
scriptors’ _

D 5409 Guide for Set of Data Elements to Describe a
Ground-Water Site; Part 2—Physical Descriptors’

D 5410 Guide for Set of Data Elements to Describe a
Ground-Water Site; Part 3—Usage Descriptors’

D 5447 Guide for Application of a Ground-Water Flow
Model to a Site-Specific Problem’

D 5451 Practice for Sampling Using a Trier Sampler”

D) 5717 Guide for the Design of Ground-Water Monitoring
Systems In Karst and Fractored-Rock Aquifers*

E 177 Practice for Use of the Terms Precision and Bias in
ASTM Test Methods®

E 380 Practice for Use of the International System of Units
(ST} (The Modernized Metric System)®

E 1527 Practice for Environmental Site Assessments: Phase
I Environmental Site Assessment Process®

G 57 Test Method for Field Measurement of Soil Resistivity
Using the Wenner Fonr-Eleetrode Method®

2.3 Non-ASTM References—Appendix X2 identifies major

non-ASTM references that focus on field methods for environ-
mental site characterization. Other guidance documents cover-
ing procedures for environmental investigations with specific
objectives or in particular geographic settings may be available
from federal, state, and other agencies or organizations. The
appropriate agency or organization should be contacted to
determine the availability and most current edition of such
documents. :

3. Terminclogy

3.1 Definitions: 1

3.1.1 site, n—a place or location designated for a specific
use, function, or study.

1.1.2 site, v—to determine a place or location for a specific
use, function, or study.

1.1.3 characterization, n—the delineation or representation
of the essential features or qualities existing at a site.

3.1.4 characterize, v—the process of delineation or repre-
sentation of the essential features or qualities existing at a site.

3.1.5 concepiual site model, n—for the purposes of thig
guide, a testable interpretation or working description of the

8 Anmual Book of ASTM Standards, Vel 14.02.

% Annual Book of ASTM Standards, Vol 03,02,

10 The first seven definitions are ordered logically to illustrate construction of the
definition for environmental site characierization tather than in alphabetical order.

relevant physical, chemical, and biological characteristics of a
site.!! .

3.1.6 environment, n—the aggregate of conditions, influ-
ences, and circumstances that affect the existence or develap-
ment of properties intrinsic to a site.

3.1.7 environmental, adi-—having to do with the environ-
ment.

3.1.8 environmental site characterization, n—the delinca-.
tion or representation of the essential features or qualities,
including the conditions, influences, and circumstances, exist-
ing at a place or location designated for a specific use, function,
or study.!?

3.1.9 emvironmenial audit, n—the investigation process to
determine if the operations of an existing facility are in
compliance with applicable environmental laws and regula-
tions.

3.1.10 emvirommental site assessment (ESA), n—the process
by which a perscn or entity secks to determine if a particular’
parce] of real property (including improvements} is subject to
recognized environmental conditions.'

3.2 In addition to Terminology D 633, Appendix X3 idén-
tifies major references from a range of disciplines that can be
used as sources for definitions of terms that are related to
environmental site characterization.

4. Significance and Use

4.1 This guide provides a general approach to environmen-
tal site characterization. Envirommental site characterization
provides information for a2 wide variety of uses including:

4.1.1 Determination of ambient background or baseline
conditions, including, but not limited to, geochemistry, hydro-
geology, microbiclogy, mineralogy, and water quality.

4.1.2 Assessment of site suitability for a future use or g use . .. .

which may be compromised by site characteristics, such as
flooding, seismic activity, and landslides (mass wasting). -
4.1.3 Protecticn of site quality from the detrimental effects
of human activitics and natural processes, or minimization of
adverse environmental impacts. Specific examples of uses of
environmental site characterization for these purposes include:
(7) delineation of ground-water or wellhead protection areas,

1) The meaning of coneeptua] sitz model may have more Testricted or specific
meanings depending on the objective or use of the model. For example, ground
water flow modeling focuses on the physical characteristics as they relate to
subsurface flow (see Guide D 5447), and a conceplual site model for the purpose of
risk assessment will focus on contaminant sources, pathways, and receptors to
cxposure. .

12 Environmental audits and environmental site assessments as defined below are
examples of environmental site characlerization with specific abjectives.

13'This definition is taken from Practice E 1527. Other definitions of environ-
memnial sile assessment may apply in other contexts, For example, EPA’s Site
Assessment Branch. Hazardous Site Evaluation Division in the Office of Emergency
and Remedial Response defines site ossessment as the decision process for
identifying 1he most seriously contaminnied uncontrelied hazardous waste sites that
will receive funding for lang-term remediation. Fractice E 1527 defines recognized
environmental conditions as “the presence or likely presence of any hazardous
substances or peroleum products on & property under conditions that indicate an
existing Telease, 2 past release, or a material threat of a release of any hazardous
substances or petreleum products into structures on the property or into the ground,
ground water, or surface water of the property.™ In other environmental site
investigations, nonhazardous substances (because of their physical condition, smell,
or other aesthetic properties) or substances thai have hazardous charaeleristics but
do not meet a regulatory definition of hazardous may be the focus of concern,
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(2) assessing the suitability of sites for disposal of industrial
and residential liquid and solid wastes, (3) assessing soil
suitability for land treatment of wastes, and (4) evaluating soil
suitability for agricultural practices in order to minimize soil
erosion and contamination from agricultural chemicals.

4.1.4 Assessment of the type, distribution, and extent of
surface and subsurface contamination to determine compli-
ance; risk to human health and the environment; and respon-
sibility for remediation. Such assessments include: (/) sites
involved in real estate transactions, (2) controlled and uncon-
trolled hazardous waste sites, (3) controlled and uncontrolled
municipal solid waste, wastewater, and other nonhazardous
waste disposal sites.

4.1.5 Assessment of surface and subsurface environmental
processes that affect the fate, mobilization, and rate of transport
of natural and anthropogenic chemicals in the subsurface.

4.1.6 Assessment of the type, distribution, and extent of
natural and anthropogenic radioactive elements in the subsur-
face. :

4.1.7 Assessment of the degree of risk that adverse subsur-
face site conditions not related to 4.1.4 and 4.1.5 pose to hurman
health and safety or the natural ecosystem. '

4.1.8 Selection and design of remediation systems for
cleanup of subsurface contamination and of other reclamation
or rehabilitation practices on disturbed land.

4.2 This guide is meant to be a flexible description of
investigation requirements; methods defined by other ASTM
Standards (Appendix X1) or non-ASTM techniques (Appendix.
X2) may be appropriate in some circumstances. The methods
and amount of effort required for environmental site charac-

terization will vary with site conditions and objectives of the °

investigation. This standard does not set mandatory guidelines
and does not constitute a list of necessary steps or procedures
for all investigations. In karst and fractured rock hydrogeologic
settings, this guide should be used in conjunction with Guide
D 5717,

5. Steps in Planning and Conducting Environmental Site
Characterization

5.1 The following minimum elements, not necessarily in
sequential order, are required for most environmental site
investigations to determine project and site strategy:

3.1.1 Definition of objectives, site boundaries,'* and other
information necessary for efficient project planning,'

5.1.2 Collection of available existing data and information
about the site, pertinent to the objectives of the investigation !¢

5.1.3 Development of one or more conceptual site modeis
of the site from' existing information. The objectives of the
investigation will affect the type and complexity of site
conceptualization. -~ - - R LI

5.1.4 Performance of a reconnaissance site investigation,
that -may--include -nendestructive  geophysical methads, and
relatively simple field sampling and characterization meth-
ods,!” to refine-the conceptual model of the site.-

5.1.5 Development of a detailed site investigation and
sampling plan, that identifies methods to be used to collect and
analyze required additional data, protocols for sampling and
field measurements, and procedures to ensure quality assurance

' The boundaries of a site are defined using one or more of the following
considerations: (/) Jand ownership, ( 2} current and past land use, (3) natwral site
characteristics (topography, sols, geology, hydrology, biota). Where site boundaries
are initially defined by ownership, natural site characteristics should be evaluated to
determine whether the scope of at least parts of the investigation should include
areas that are offsite. For example, investigations of ground water contamination
should include identification of zny potential sources of contamination that are
upgradient from a site. .. . . o

'* This should inciude, but aot necessarily be limited to: ( 1) definition of the
technical and scientific approach-to:be used, (2) arganization of # data management
system, including both paper and electronic records, (3) identification of types-of -
personnel and technical expertise, appropriate ASTM and other methods and field
equipment required o meet the defined objective, (4} defining how spatial data will
be recorded (see Section 7.173), (5} identificition of applicable primary and
secondary reguiatory programs, and any Tequired coordination with government
agencies and other organizations, (6) development of health and safety plans, where .
appropriate, ( 7) identification of scheduling and budgetary conskraints, ( §)
definition of data quality requirements for each stage of the investigation, (9)
identification of deliverables at intermediate stages of the investigation and tipon

completion,. {10}. selection .cf performance measures -to. determine whether. the ... .

objective has been achieved, and (/]) definition of project decision statements, o
¥ A site visit prior to extensive collection of existing data should be made unless
the limtted scope of a project does not allow multiple visits. The advantage of such
a visit is that it may prevent preconceived ideas derived from inaccurate existing
information from influencing initial conceptual site model development,

' Wher contaminated sites are being- investigated, field chemical -analytieal - -
methods can be valuable for idenfifying arcas where moTe detailed investigations
may be required, and for designing cost-effective detailed sampling and monitoring
plans. Surface geophysical methods may be especially valuable for_ guiding .
placement of exploratory drillholes and placement of vadose zane and groind water
monitoring installations. Any such field misthods should be documented foi quality -
assurance and quality control.
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and quality control of site characterization data. Criteria
defining the quality of data that arc collected is a requirement
for most environmental site investigations.'®

5.16 Collection of field samples and measurements i
accordance with the site investigation and sampling plan.'®

5.1.7 Analysis of field and laboratory data to further refine
the conceptual mode! of the site and preparation of a report that
fulfills the objectives of the investigation.

5.2 Environmental site characterization is an iterative pro--

" cess of continually refining a conceptual site model of a site as

new information becomes available. The objective of the
investigation and availability of funds to carry out the inves-
tigation will affect the final number of iterations that are
possible. For example, a Phase T Environmental Site Assess-
ment (Guide E 1527) for a real estate property transaction may
require only a single site visit to evaluate whether any activities
may have resulted in contamination of the site. Complex sites,
however, may require multiple site visits to collect data in
order to develop a satisfactory conceptual model of the site,
especially if a human health and environmental risk assessment
is required. The number of site visits may be reduced by on-site
analysis of results and real-time adjustments fo the site
investigation plan (see Section 7).

5.2.1 Planning for environmenta] site investigations should
recognize that regional and local differences in climate, biota,
soils, geology, and hydrology will influence the selection of
appropriate methods and procedures.

5.2.2 Urban settings create special challenges for planning
environmental site investigations. Difficulties include busy
streets, access to public and private property, especially occu-
pied buildings and fenced areas, and determining predistur-
bance background environmental conditions. Consult with
Jocal agencies and private property owners for relevant infor-
mation. Select methods and schedule activities accordingly.

6. Collection of Existing Data and Site Reconnaissance

6.1 Collect and review available technical data from the
literature and historical records, and conduct interviews before

15 The level of data accuracy and precision needed to meet the intended use for
the data musi be determined and fhis constitules the “data guality requirements™
referred to in this guide. The term data quality requirements is similar to the term
data quality cbjectives (DQOs) used to describe the quality determination process in

* the U.S. EPA RCRA/Superfund program, bul does not necessarily include statisti-

cally based confidence levels for assessing false negative or false positive designa-
tions. For chemical characterization, data quality requirements may vary depending
on the phase of the imvestigation. For example, relatively inexpensive field
instrumentation such as colorimetric test kits, or portable gas chromatographs can be
used to analyze a relatively large number of samples initially to identify areas with
different levels of contamination. Data requirements at this fevel would specify thal
instrmmentation used be capable only of detecting the presence of a contaminant at
or gbove the regulatory leve! of concern. These resulis in turn would guide sampling
of a moderate number of samples for more accurzte field analytical methods or 2
mobile lzboratory. Finally, & relatively small number of samples might be selected
for analysis that would meet the rigorous data qualily requirements of EPA’s
contract laboratory program (CLP), This phased approach has the potential for
significant cost and time savings as compared to the use of CLP laboratories for the
analysis of all samples.

% Prior fo commencement of any intrusive exploration the site should be
chacked for underground utilities or other buried materials. Should evidence of
potentially hazardous or otherwise eonaminated materials or conditions be encoun-
tered in the course of the investigation, work should be interrupted until the
circumnstances have been evaluated and revised instructions issugd before resump-
tion.

any field program is started. These include, but are not limited
to, topographic maps, aerial photegraphy, satellite imagery,

~ geologic maps, statewide ot county soil surveys, and mineral

resource surveys covering the proposed project area. Reports
of subsurface investigations of nearby or adjacent projects
should be studied. If feasible, all existing data should be
critically evaluated and independently confirmed.

6.1.1 The Natural Resource Conservation Service (formerly
1J.8. Soil Conservation Service) and the Agricultural Stabili-
zation and Conservation Service (ASCS) are the primary
sources of aerial photographs at the county level. The U.S.
Geological Survey is the primary source for satellite imagery,
and agencies other than SCS (USGS EROS Data Center).”°
Aerial photographs also may be available from the following
federal agencies where lands under their jurisdiction are
involved: Bureau of Land Management, Bureau of Reclama-
tion, U.8. Army Corps of Engineers, U.S. Environmental
Protection Agency Photo-Interpretation Center (EPIC), U.S.
Forest Service, and U.S. Fish and Wildlife Service. State
natural resource agencies and local/regional planning agencies
also may be good sources of acrial photographs.®' > Guide
D 5518 provides additional information of how to obtain air
photos.

6.1.2 The United States Geological Survey and the geologi-
cal surveys of the various states are the principal sources of
geologic maps, Teports on mineral resources, ground water, and
surface water.?® Guideboaks prepared by professional associa-
tions, technical journals, and published conference and sym-
posium proceedings may also be important sources of infor-
mation.

6.1.3 United States Department of Agriculture Soil Conser-
vation Service soil surveys, where available and of recent date,
should -enable the investigator to estimate the range in soil
profile characteristics to depths of 1.5 or 2 m (5 or 6 ft) for each
soil mapped.?*. , S

6.1.4 Preliminary information on sites where commercial
and industrial activity has occurred should include site history,
such as type of activity, location of existing surface and
subsurface building, and chemicals, manufactured, vsed, or
stored at the site.”

20 JSGS EROS Data Center, Sioux Falls, SD 57198,

21 The following references on air-photo interpretation may be of value: Avery
(2),2 Ciciarelli (3). Denny et al (4), Drury (5), Dury (6), Johnson and Gnaedigner
(7), Lattman and Ray (8). Lueder (9), Miller and Miller (10), Ray (11}, SCS (12),
Strandberg (13), Wright (14), - -

2 The boidface numbers in parentheses refer to a list of references af the end of
the text.

21 g8yn and Weeks (15) provide a comprehensive bibliography of the U.S.
Geological Survey's regional aquifer systems analysis program. Data from the
RASA program are being synthesized and published in the Ground Water Atlas of
the United States {16).

2% Each soil type has a distinetive soil profile due 1o age, parent material, relief,
climatic cendition, and biological activity, Consideration of these factors can assist
in evaluatling the potential for movement of contaminents in the vadose zonc and
pround water based on differing soil characteristics. Boulding (17) and Cameron
(18) provide guidance on inferpretation of soil properties in relation to polential for
contaminant {ransport. Changes in soil properties in adjacent areas ofler indicate
changes in pareni material or relief, : R

25 Practice B 1527 and Prectice E 1528 provide guidance on the types of
informatian that should be collected and sources from which such information can
be cbtained.
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6.2 Study the soil and rock in the vicinity of the proposed
project in areas where descriptive data are limited by insuffi-
cient or inadequate geologic or soil maps. Take advantage of all
exposures of the rock and soil to obtain the best understanding
of them. Obtain information on both vertical and horizontal
properties of the materials and their distribution. Make appro-
priate notes and, where appropriate, illusirate by sketches. The
notes should include data outlined in 9.3.26

6.3 Prepare and compile preliminary maps of the project
area using aerial photography and topographic maps that show
ground conditions. The scale of the map should be appropriate
for the area being investigated. Aerial photographs and topo-
graphic maps at scales of 1:15 000 to 1:24 000 are available for
most parts of the United States and are usually adequate as a
basis for a preliminary map of sites covering tens to hundreds
of acres. The distribution of the predominant scil and rock
deposits likely to be observed during the investigation may be
shown using data obtained from geologic maps, landform
anaiysis, and limited ground reconnaissance. Experienced
photointerpreters can deduce much subsurface data from a
study of black-and-white, color, and color-infrared photo-
graphs because similar soil or rock conditions, tend to have
similar patterns of appearance in regions of similar climate or
vegetation.®” .

6.4 Perform site reconnaissance. This provides an opportu-
nity to check the accuracy of information compiled from
existing sources, and to make site observations to assist in
refining the conceptual model of the site. Site reconnaissance
should be planned to identify the site characteristics needing
further investigation.2®

7. Detailed Site Investigation

7.1 Review objectives of the investigation and develop a
detailed site investigation plan. The detailed site investigation
plan should clearly identify the types of data that are required
to meet the objectives of the imvestigation.™ A complete
environmental site imvestigation will usually encompass the

*$The following major references may be useful for field geologic and
hydrogeologic investigations: Bishop (19), Brassington (20), Bureau of Reclamation
{21, 22), Compton (23, 24), Dutwo, et al {25), Erdélyi and Galfi (26), Fetter (27),
Lahee (28}, LeRoy, et al (29, Low (30), Rahn (31), Tearpocks and Bischke (32).
Guides for field description of rocks inélude: Fry (33), Thorpe and Brown (34), and
Tucker (35).

*7 This preliminary map may be expanded into a detailed site map by locating all
test holes, pits, and sampling stations and by revising boundaries as determined from
the defeiled subsusface survey, Geographic information systems (GIS} should be
considered for visualization, map preparation, data manipulation, and analysis.

*® Exploratory sampling of soil solids, soil gas, or ground water using temporary
in situ samplers may provide useful information for'design of the sampling plan in
the detailed site investigation plan. Surface geophysical methods may alse be useful
at this stage of the investigation.

* Considerations for identifying data requirements include: { 7} data required to
comply with applicable federal, state, or local regulatory programs, {2) data required
as inputs to computer models expected to be used, (3) data required for selection and
design of implementation measures (that is, protective measures at controlled waste
disposal sites, remediation options at contaminated sites).

following activities:*¢

7.1.1 Review available information, both regional and Jocal,
on the geologic history (including seismic activity and other
potential geclogic hazards), rock, soil, ground water, surface
water, and other significant environmental and anthropogenic
features (for-example, buried utilities)-occurring -at the pro-
posed location and in the immediate vicinity of the site.

7.1.2 Interpret aerial photography and other remote sensing
data.

7.1.3 Select appropnate methods for locatmnal data collec-
tion coincident with field observations and sampling.?! Failure
to accurately locate elevation and x-y coordinates of observa-
tion points and samples can severely cofnpromise the accuracy
of interpretations developed from the data. Where geographic

information systems (GIS) are to be used for data ‘management,”

analysis and visualization, locational accuracy should at a
minimum satisfy the resolution of the system to be used.

7.1.4 Perform field reconnaissance for -identification of

surficial geologic and hydrologic conditions, mapping of strati-
graphic or lithologic exposures and oiitcrops, mapping of

vegetation and other significant ecological conditions, and

examination of anthropogenic features at the site.

7.1.5 Perform dn-site investigation of the surface and sub-

surface materials by geophysical surveys, borings; or test pits.
7.1.6 Obtain representative samples for chemical, biologi-

cal, and physical analysis of soil, rock, -and- ground - water..

When required for the objectives of the investigation, these

should be supplemented by samples suitable for the determi-
pation of in sitn physical and chemical properties, such as .

hydraulic conductivity and flow-through sorption tests (see
11.2). Measurement of in situ properties requires collection of
undisturbed samples (see definitions in Terminology D 653).
Where present, wastes and sediments from surface water
bodies should also be sampled

7.1.7 Perform field identification of soil; “sediments, and -

rock with particular references to physical "and chemical

properties, such “as; ‘but not limited 3, colot; "odor, texture
{grain-size  distribution), - mineralogy, - zone - of  increased: ar-

reduced porosity and -permeability,-depth of occurrence,and -

the types and locations of structural discontinuities.
7.1.8 Identify and measure the potentiometric surface(s) of
the aquifer or aquifers. Methods for determining ground-water

levels are covered in Test Method D 4750. The variability of -

these positions in both short (mimutes. .to. 'days) . and long

" Bxamplés of mvestigations thel ‘may not reqiiire all ‘oF the actiFities in this
section include environmental site assessments for 1eal estate ‘property fransactions -~
that do not identify recognized environmental conditions-using-Practice E 1527 -

Phase { Assessment Process or Practice E 1528 Transaction -Screen Pracess, and
Environmental Audits to assess presence or degree of lead or a.sbestus contammatmn
in a building.

! The 1.8, EPA (36) requires latitude/Tongitude determination for ail agency-
sponsored data collection and activities that define or describe environmentat
characteristics about a site. The 11.8. EPA (37) provides guidance to selecting
latitude/longitude determination methods, Glokal positioning systems (GPS) are
used for locating field observation points when accuracy on‘the order of tens of
meters is sufficient, whick s sufficient for many-GIS-applications (U.S. EPA, (38)).
Other coordinate systems (such as y-p coordinates referenced to a kmown datum,
State Plane, UTM) can also be used if more convenient in the feid, and converted
to latitude and longitude, if required.
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(months to years) time frames should be considered.>*

7.1.9 Assess vertical and horizontal variations in the ped-
ologic, geologic, and hydrologic characteristics of the subsur-
face, including the vadose zone, aquifers, and confining units.
When the flow direction and velocity of ground water are
concerns, special emphasis should be placed on evaluating the
degree of aquifer anisotropy, presence of highly permeable
unconsolidated materials such as sands and gravels, extent and
orientation of soil joint and rock fracture development, and
extent of conduit development in karst limestone. Where
unconsolidated materials consist of thick loess, alluvial, lacus-
trine materials, or glacial till, the spacing and depth of vertical
soil jointing should be evaluated as potential zones of prefer-
ential contaminant movement (42), Guide D 5717 identifies
methods for characterization of lkarst and fractured rock
aquifers.

7.1.10 Assess temporal changes in subsurface hydrologic
conditions, including changes in ground-water levels using
piezometers or monitoring wells, changes in soil moisture
conditions using tensiometers (see Guide D 3404), neutron soil
moisture probes (see Test Method 13 5093) or other methods,
and measurement or estimation of soil moisture flux. Changes
in soil solute quality using suction lysimeters and other
methods (see Guide D 4687). .

7.1.11 Identify type and extent of contaminants, if present,
and identify and assess the geochemical characteristics of
subsurface solids and ground water that may affect the fate and
transport of contaminants. Temporal changes in soil pore

Tiquids and ground-water quality should be characterized by

periodic sampling from monitoring wells installed in accor-
dance with standard procedures (see Guide D 4696—pore
lignids, and Practice D 5092—-ground-water monitoring
wells). Important geochemical characteristics include organic
matter content, clay mineralogy, pH, Eh, specific conductance,
and temperature.*?

&. Use of Field Methods in Environmental Site
Characterization

Note i—All field procedures should be docmmented by identifying
time, date, location, and personmel involved. Practice D 5254 identifies
additional basic information required for documentation. Guide D 5408,
Guide D 5409, and Guide D 5410 can serve as checklists to ensure that
important additional information is not omitted, Paragraph 7.1.3 contains
additional discussion of locational data considerations.

8.1 Equipment and procedures used in site characterization
for environmental purposes can be classified in the following
general categories:

8.1.1 Indirect observation of surface and subsurface condi-

32 Other methods in addition 1o direct water level measurements may be useful
for characterizing depth 1o water table, For example, description of the color, depth,
and patierns of mottling of seil horizons may be indicative of long-term seasonal
high groumd water positions. Boulding {39) and Vepraskas (40) describe methods
recently adopted by the Soil Survey Staff (41) for description and interpretation of
morphologic features indicative of soil wetness. At contaminaled sites, colar
variations can also be chemically induced or the resull of staining.

% icroorganisms in soil and ground water may play a significant role in the
transport and fate of inorganic constituents (such as nitrate, sulfate, and redox
sensitive species, such as iron, manganese, arsenic, chromium, and selenium) and
arganic chemicals. Table X1.2 identifies ASTM methods for characterization of
micrcorganisms and biodegradation potential.

tions using remote sensing techniques and geophysical surveys
(see Section 9),

8.1.2 Direct observation of subsurface conditions and field
description using visnal-manual procedures (see Section 10},

8.1.3 Sampling for further physical, chemical, and biologi-
cal testing and analysis (see Section 11), and

8.1.4 In situ testing of soil, rock, vadose zone, and aquifer
characteristics {see Section 12).

8.2 Many fest methods and procedures are potentially ap-
plicable to environmental site investigations.*® Factors to
consider when selecting equipment and procedures for a site
investigation include:

8.2.1 Objectives and Data Quality Requirements of the
Investigation—For example, a Phase I Environmental Site
Assessment may reguire only simple, hand-held equipment. On
the other hand, site investigations for suitability for long-term
storage of high-level radioactive wastes involve complex and
sophisticated instrumentation and testing,

8.2.2 Characteristics of the Site~—Soils and geology of the
site and properties of known or suspected contaminants will
influence the type of drilling methods used and selection of
sampling equipment. Different aquifer test procedures and
analytical methods are required based on aquifer characteristics
such as degree of confinement, presence of nearby hydrologic
boundaries, and how much of an aquifer is intersected by the
central test well.

8.2.3 Characteristics of the Equipment or Method—When
several alternatives are available to achieve a given objective a
number of factors should be considered in selecting equipment
and methods. Equipment available from commercial sources is
generally preferable to homemade equipment because specifi-
cations can be readily documented and replacement parts can
vsually be obtained quickly and be used without affecting the
comparability of results with the broken equipment. Equipment
with the greatest durability and reliability is preferable. Stan-
dard ASTM test methods or standard operating procedures and
protocols established by govemnment agencies should be used
whenever applicable. The timeliness of results is another
important consideration when selecting equipment or methods.
Methods that provide real-time data that fulfill data quality
requirements are preferable to methods that require use of
offsite laboratories. Special circumstances may require use of
uncommon or nenstandard equipment, niethods, or procedures.
The use of such eguipment and pracedures should be justified
in the detailed site investigation plan.

8.2.4 Cost of the Equipment or Method— All factors affect-
ing cost should be considered before selecting equipment or
methods. For example, the higher initial cost of using dedicated
samplers for ground-water monitoring -wells may be more
cost-effective in the long run as a result of reduced sample
collection costs. ‘

8.3 Equipment and standard operating procedures (SOPs)
should be identified in the detailed site investigation plan.
Equipment design and specifications should be documented
and standard operating procedures defined. Any departures

3 A recent EPA report, (43) provides information on more than 280 methods.
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from equipment and procedures defined in the site investiga-
tion plan should be documented and justified.

9. Field Methods: Remote Sensing and Geophysical
Surveys

9.1 Remote sensing techniques may assist in mapping the
geological formations and for evaluating variations in soil and
rock properties. Satellite and airborne mapping methods, such
as multispectral imagery obtained from the LANDSAT plat-
form and SLAR (side-looking airborne radar imagery), may be
used to find and map the areal extent of subsurface materials
and geologic structure. Interpretation of aircraft photographs
and satellite imagery may locate and identify significant
geologic features that may be indicative of faults and fractures.
Interpretation of aerial photography taken at different times can
identify changes in land use and identify areas that have been
disturbed by human activity. Some ground control is generally
required to verify information derived from remote sensing
data. :

9.2 Surface geophysical investigations can be a useful guide
in the placement of boring, test hole, vadose zone, and
monitoring well locations. Surface geophysical methods arc
essential at most contaminated sites to avoid hazardous drilling
locations. Surface geophysical methods, together with push
technologies (see 10.1.5), are especially valuable for ensuring
that permanent monitoring well locations intercept contami-
nant plumes and that background reference wells reflect
uncontaminated conditions. Intetpretation of surface geophysi-
cal surveys should be verified by. borings or test excavations, or
confirmed by different types of geophysical measurements.
Surface and borehole geophysical measurements provide a
useful supplement to borehole and outcrop data and assist in
interpolation between holes. Seismic, ground penetrating radar,
electrical resistivity and electromagnetic methods can be par-
ticularly valuable when distinct differences in the physical or
electrochemical properties of contiguous subsurface materials
are indicated *

9.2 Major applications of surface geophysical methods for
environmental site characterization incinde:36

9.3.1 Ground penetrating radar may be useful in defining
soil and rock layers, water table, and man-made structures in
the depth range from % to 10 m (1 to 30 ft).

9.3.2 Electromagnetic induction, electrical resistivity, and
induced polarization (or complex resistivity) techniques can be
used to map variations in water content, clay horizons, strati-

** Major references that address use of surface geophysical methods for
environmental site characterization include: Benson et al (44), Boulding (45), Haeni
{46), Ward {47,48), and Zohdy et al (49),

* Depth ranges indicated here and for other geophysical methods are typical
ranges for instruments available at the time this guide was written and intended to
give a general idea of the capabilities of different methods. Actual depth penetration
at a particular site is dependent on site condifions, instrumentation used for field
measurements, and. methods used to analyze the signal data. Depth of penetration
can also inerease with improved instrumentation and signal analysis methods.

fication, depth to aqulferfbedrock and conductive contaminant
plumes.3?

9.3.3 The shallow seismic refractipn method can be used to
map soil horizoms, stratigraphic depth profiles, and water
tables. It can be especially useful in determining depth of
unconsolidated material where bedrock is at a depth of 30 m or
less.

934 The seismic reﬂeetlon ‘method may be useful in
delineating geological units at depths below 15 to 30 m (50 to
100 ft). It is not constrained by layers of low seismic velocity
and is especially useful in areas of rap1d stratigraphlc change.

9.3.5 Magnetic surveys may be useful for detecting the
presence of subsurface ferrous matena]s within 1 to 3 m of the
ground surface.

9.4 Borehole geophysical methods can be used to obtain
information on lithology, siratigraphy and formation proper-
ties, aquifer properties, ground-water flow and direction, bore-
hole fluid characteristics, contaminant characterization, and
borehole/casing characterization. Major categories of borehole
logging methods include: (/) electrical and electromagnetic,
(2) nuclear, ( 3) acoustic and sonic, and (4) miscellaneous
methods, such as caliper, temperature, and borehole flowme-
ters. Cons1derat10ns in the selectlon of borehole logging

presence or absence and type of borehole ﬂu]d and (4)
characteristics of the subsurface formations.>®

95 Al geophyswa] methods’ reqmre site condmons that
provide contrasts in the subsueface property being measured by
the method, and, depending on the method, may be subject to
mterferences at a site, such as metaI fences, powerlmes FM ‘
tion and mterference eﬂ”ects are h1gh1y site spec:lﬁc Depth
penetratlon and resolution vary with local conditions. Data
collection and interpretation for. geophysical surveys require
skilled personnel familiar with the principles and lumtatlons of
the method being used.

10. Field Methods: Dlrect Observatlon of Subsurface
Conditions®®’

101 The type of equipment TeqLﬂred for an intrusive sub-

but not limited to, the type of subsurface material, the depth of
exploration, the nature of the terrain, the intended use of the
data, and prevention of ‘cross-coniaiifiation of “aquifers.*?
Identify the location of buried utility lines, pipes, and any other

*7 Test Method G 57 Is intended for use in the contro] of corrosion in buried
structures. Use of the elecirival resistivity method in environmentai -investigations
involves field procedures and date interpretation that differ substantiatly from the
procedures outlined in this guide. .

** Major references that address use of borehole tn:ophysmal methods for
environmental site characterization include; Bculdmg (45), Keys (50), Keys and
MacCary (51}, and Respold (52). :

* Major. references on borehole d.nl]mg methads for. direct. observatmn of the ... .

subsurface and for instdllation of ground-water monitoring weils include: Aller et al
(53), Eggington et al (54), Clark (55), Driscoll (56), Harlan et al {57), Lehr etal {58},
Roscoe Moss Company (59). Ruda and Bosscher (60), and Shuter and Teasdale (61),

**Plans for a program of intrusive subsurface investigation should check
whether there are requirements for licensing of installers and permits for installation
and proper closure of bore holes and wells at the completion of the investigation.
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subsurface anthropogcnic features using maps or geophysical
methods (5.2) prior to drilling.

10.1.1 Hand augers, hole diggers, shovels, and push tube
samplers are suitable for exploration of surficial soils to depths
of 1 to 5m (3 to 15 ft).

10.1.2 Barth excavation equipment, such as backhoes, dra-
glines, and drilled pier augers (screw or bucket) can allow in
situ examination of soil deposits and sampling of materials
containing cobbles and boulders.

10.1.3 In so0il and unconsolidated material hollow—stem
augers are commonly used for collection of geoenvironmental
samples and installation of monitoring wells. Hollow-stem
augers commonly reach depths of up to 45 m (about 150 ft) and
large auger rigs can reach depths of up to 100 m (about 330 fi)
under favorable conditions,* Greater depths are possible in
unconsgolidated material if casing advancement methods are
used. Sections 11.2.2 and 11.2.3 identify ASTM methods for
collection of unconsolidated material samples.

10.1.4 For bedrock and for deep unconsolidated material,
wel] drilling equipment such as rotary and cable tool systems
is usually required. Normally samples are collected in the form
of sand sized cuttings captured from the retumn flow, which
generally are not adequate for environmental site characteriza-
tion but other methods of determining stratigraphy, such as
borehole geophysical logging methods are available (see Sec-
tion 9.4). Diamond rotary coring (see Practice I 2113) is the
preferred method of obtaining samples for physical property
testing and gealogic characterization of rocks. Diamond drills
are cffective to depths of up to 600 m or more, even in
extremely strong igneous and metamorphic rocks. As depths in
unconsolidated material increase, sampling devices attached to
drill rods become increasing cumbersome due to the time
required to lower and retrieve the sampler. Wireline soil
sampling, in which the sampler is lowered, driven, and
retrieved on a wireline through the drill pipe, allows retrieval
of samples at frequent intervals and provides for prompt visual
identification of soil texture and subsurface features (Section
10.3). More commonly wireline systems are used for rock
coring. Various factors affect the depth at which wireline
sample becomes more cost effective than drill-rod attached
sampling devices, including the length of the core barrel, the
height of the mast on the rig being used, the number of hoist
lines available for handling sampling tools and the hardness of

the rock. The breakeven point for the two methods typically -

ranges between 15 m (50 fi) and 45 m (150 ft). As hole depths
increase, cost savings using wireline sampling methods in-
crease. Reduced physical labor for drill crews using wireline
methods help to reduce worker fatigue, improving efficiency
and safety.

10.1.5 Cone penetration technologies (CPT) and other
drive/push teclmologies (DPT) are being used increasingly for
envirommental ficld investigations to depths of 100 to 300 fit
(30.5 to 100 m) depending on geology and push capacity of the

“1 Fluid rolary drilling can extend to greafer depths in unconsolidated materials,
but is penerally not recommended for environmental investigations because drilling
fivids can alier subsurface chemisiry,

system. The CPT methods can be used for lithologic charac-
terization, measurement of hydraulic conductivity of soils,
sampling of solids, soil gases and ground water, and in situ
chemical detection (see 11.3). Accurate lithologic characteriza-
tion using CPT requires correlation of measured resistance
with one or mere direct subsurface observations for each site.
Advantages of CPT and DPT at contaminated sites include: no
cyttings, increased worker safety, and improved siting of
permanent monitoring wells.

10.2 A siratigraphic profile in complex geology is often
developed by correlation of lithologic character established by
a significant number of borings, by continuous geophysical
profiling techniques, and surface mapping. This phase of the
investigation may be implemented by plotting logs of soil and
rock exposures in walls of excavations or cut areas and by
plotting logs of the test borings. Then one may interpolate
between, and extrapolate a reasonable distance beyond, these
logs. The spacing of these investigations depends on the
geologic complexity of the project area and on the impottance
of soil and rock continuity to the project design. Exploration
should be deep enough to identify all strata that might be
significant m assessing environmental conditions at the site.

10.3 Field description of test pits and excavations and
horing logs are an essential element of environmental site
investigations. Test pits allow observation of pedogenic soil
features that are larger than the diameter of borings and allow
the most accurate description of subsurface features in the soil
zone that may influence movement of contaminants in the
vadose zone. Paragraph 6.4.3 in Guide D 5409 identifies key
features that should be included in field description of samples
and unconsolidated material. Additional description of samples
of soil and rock may be added after samples have been
transported from the field. Subsurface observation records
should be kept in & systematic manner for each project. Such
records should include, when applicable:

10.3.1 Description of Each Site or Area Investigated—Each
test hole, boring, test pit, or geophysical test site should be
referenced to an established coordinate system, datum, or
permanent monument {see 7.1.3):

10.3.2 Subsurface investigation logs of each test hole,
boring, test pit, or cut surface exposure should show the field
deseription and location of cach material, and any water
encountered, either by symbol or verbal description. Guide
D 5434 provides guidance for field logging of subsurface -
explorations for soi) and rock. Reference to a Munsel! Seil or
Rock Color Chart designation is a substantial aid to the
description of soil and rock materials.#! Various soil classifi-
cation systems are available for description of seil and other
unconsolidated materals in the fleld. The selection of the
classification system depends on the purpose and data needs of
the investigation and the end users of the information. The
ASTM (Classification D 2487 and Practice D 2488) version of
the Unified Soil Classification Systemn (USCS) is used by most
governmental agencies and geotechnical engineering firms for
the description of soil for engineering purposes both in the
United States and in many other countries. The USDA textural
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systern (41,63,64),% developed by the Soil Conservation
Service for agricultural aspects of near surface soils, is espe-
cially useful for environmental investigations because it can
provide hydrologic information for soils. Using the modified
Wentworth grain size scale (AGI Date Sheet 29.1; (65), which
is widely used by geologists, in combination with the USDA
textural systern will provide -useful additional data on soil
particle-size distribution because the Wentworth system has
more subdivisions in the silt and gravel particle-size classes.
Field classification of samples and exposures should be con-
firmed with laboratory tests (Classification D 2487, Test
Method D 422, and Test Method D 1140) if the information is
critical to the investigation program.*> Laboratory test results
should clearly identify the textural system being used, because
different systerns may have slightly different grain-size cutoifs.
Use of sieves that include all divisions of the USCS, USDA
and modified Wentworth scales will provide the greatest
amount of useful information for the coarse fraction, and
measurement of all relevant cutoffs for the fine fraction in the
three systems will ensure that environmental and engineering
interpretations using all three systems will be possible.
10.3.3 Location and description of secepage and water-

bearing zones, zones of low permeability, and records of

potentiometric -elevations found in each test hole, boring,
piezometer, or test pit,

10.3.4 Grain size distribution of unconsolidated materials in
the interval to be screened when installation of a ground-water
monitoring well is planned,

10.3.5 The results and locations of in situ test results (see
Section 12),

10.3.6 Percentage of core recovery and rock quality desig-
nation (RQD) in core drilling. Deere and Deere (69) provides
guidance on RQD, and

10.3.7 Graphical presentation of field and laboratory data,
such as graphic borehole logs, cross sections, potentiometric
maps, and contaminant concentration isopleths, facilitates
interpretation and understanding of subsurface conditions.

11. Field Methods: Sampling

11.1 The location, type of samples collected, and sampling
equipment shkould be in accordance with the sampling plan

“* Color photographs of rock cores, soil samples, and exposed strata may be of
. considerable value, Each photograph should include an identifying number or
symbol, a date, and a reference scale. Soil Conservation Service (62) provides
standardized procedures for photographic documentation of rock cores.

* Both USCS and USDA clessification systems can be used to estimate some
hydrologic properties of soils impacting the fate and transport of contaminants. The
plasticity index of the USCS is directly related to colloidal content in the soil and
resulting sorptive capacity. The USCS systern is more applicable to very coarse-
grained alluvial deposits containing appreciable gravels. Saturated hydraulic con-
ductivity can often be estimated within two or three orders of magmitude based on
both USCS and USDA classification, and estimates can sometimes be narrowed
within one order of magnitude for clean sands or in fine-grained soils where
descripticns of morphology (structure, macroporosity, fissures, laminations, ete.) of
undisturbed cores or exposures are possible. Numerous additional hydrologic
parameters have been correlated to the USDA classification system far near-surface
soils and could bs usefut for fine-grained unconsolidated material at greater depths.
These parameters include: capillary fringe ¢39), specific yield (66), field moisture
capacity (67), and available water capacity (68). Estimation of hydrologic param-
elers may be useful during the initial site chamcterization phases, but should not
replace necessary definitive field and laboratory mneasurements which may be
required for final site evaluations.

10

developed in the detailed site investigation plan, A statistically
valid method should be wsed to select sampling locations if
required by the data-collection objectives. Sample equipment
and procedures should be appropriate for the medium being
sampled (soil, rock, soil gas, soil-pore liquids, ground water,
solid/liquid waste) and be designed to minimize the introduc-
tion of error nto physical and chemical test results. Barth et al
(70) and Mason (71) provide guidance on development of soil
sampling plans. Gilbert (72) provides a good general reference

on statistical aspects-of sampling and monitoring-for environ- -

mental purposes. Geostatistical methads are especially useful
for developing a sampling strategy-and analysis of results when
parameters are spatially correlated

11.2 Solids Sampling**—The type of sclids sample will
depend on the purpose of the sample. .

11.2.} Disturbed or grab samples using augers (see Practlce
D 1452) and trier samplers (see Practice D 5451) are used
primarily for chemical. analyses, but are also suitable for
texture analysis.

11.2.2 Split -barrel samplers (see Test-Method ) 1586) -

provide samples that allow description of lithology and other
subsurface features, and laboratory “measurements of soil
parameters unaffected by sample disturbance (for example,
water content, gradation or particle size, organic content, and
nonsensitive and chemical constituents) but are not sultable for
laboratory measurement of soil properties: -

11.2.3 Thin-wall tube (see Practice. D .1587) and :rmg—lined

barrel samplers. .(see Practice D 3550) collect undisturbed

samples of unconsolidated material that are suitable.for labo- . -

ratory testing of hydrologic properties, and diamond core
drilling (see Practice D 2113) provides similar samples for
consolidated rock. Undisturbed care -samples can provide
important information on structure, sedimentary features, sec-

ondary porosity, and color patierns that cannot’ be obtained” -

from disturbed samples, .

11.2.4 Guide D 4700 provides guldance oL 5011 sampimn in
the vadose zone. Special considerations in sampling .of soil for
radionuclides and volatile organics are addressed in Practice
C 998 and Practice D 4547, respectively. Practice D 4220
covers procedures for preservation and transportation of soil

samples and-Practices D 5079 does the same for rock core

samples.

11.3 Other Sampling:

11.3.1 Characterization of the.vadose zone may require
sampling of soil gases and soil pore liquids.” Guide D 3314

provides guidance on soil gas sampling for detection of volatile

- * Most soil physical and chemical propsriies are spatially correlated, and the

location of contaminants -in- soil -and ground water are-also -usually -spatially -

correlated. Clark (73) is a good introductory text on geostatisties and Isazks and
Srivastava (74) provide -advanced -freatment. of this subject. The.ASCE Task

Committee on Geostatistical Techniques.in Geohydrology .(75) contains.a.good. .. ..

review of basic concepts and applications. Several public domain' geostatistical

software packages are available from U.S. EPA (76,77,78). Geostafistical methods
may mot be approprizte where soil contamination exists .2s localized . hotspots.
Zirschky and Gilbert (79} provide guidance on statistical samplmg designs for
detecting hot spots at hazerdous-waste sites.

“* The investigation may require the collection of suﬁimeutly farge soil, rock,
waste, and ground water samples of such quality as to allow adequate testing to
determine the soil or rock classification or mineralogic type, or botk, and chemical
constituents of potential interest or concem.
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contaminants. Guide I 4696 addresses various methods for
sampling soil pore liquids in the vadose zone.

11.3.2 Ground Water Sampling—Guide D 4448 covers
ground-water sampling methods from permanent monitoring
wells. Springs can also be used for sampling and monitoring
ground water quality as covered by Guide D 5717. The CPT
and other push technologies (see 10.1.5) allow collection of
one-time or multiple samples for preliminary delineation of
ground-water quality and installation of driven monitoring
wells. Manually driven well points are generally restricted to
shallow depths (<10 m) that can be sampled using suction-lift
ground-water sampling devices. The CPT rigs can install
suall-diameter monitoring wells to depths exceeding 30 m
which can be sampled with small diameter (%-in. (15.8-mm)
outside diameter typical) bailers and pumps.*

11.3.3 Submerged sediments can be sampled with coring
devices {see Guide D 4823) or with dredges, such as the
Eclanan, Peterson, and Ponar dredges. Guide D 4411 provides
guidance on sampling of fluvial sediments in motion.*

11.3.4 Waste materials often require special sampling equip-
ment and procedures. Devices for sampling single-phase and
multiphase liquids include: coliwasa, dipper, drum thief, glass
tube, and peristaltic pomp. Mixed liguid/solid phases are
usually sampled using a coliwasa, dipper, or long-handled
studge sampler. Consolidated waste solids are usually sampled
using an auger, chipper, hammer and chisel, or a rotating coring
device. Unconsolidated waste solids can be sampled using a
trier (see Practice D 5451), grain sampler, or conventional soil
sampling equipment (see 10.1.1). Lagoons may require sludge
sampling tools.

11.3.5 Biological Sampling—Investigation of soil and

ground-water geochemistry may involve sampling for aerobic
and anaerobic microorganisms and other subsurface biota*®
Special care is required when sampling for anaerobic micro-
organisms to ensure that the sample is not exposed to the air
(90). Table X1.1 identifies ASTM methods for microbiological
analysis of water samples. Ecosystem characterization may
require sampling of plants and animals at a site. Table X1.2
provides an index to ASTM methods for field sampling of
phytoplankton, zooplankton, benthic macroinvertebrates, and
fishes.

11.3.6 Afmospheric Sampling—Measurement of atmo-
spheric parameters such as precipitation, humidity, tempera-

4 Driven wells are relatively easy and inexpensive ta install in most unconsali-
dated materials where ground water is shallow. Deeper sampling and well
installation methods using CPT and olher push methods may be an alternative 1o
conventional monitoring well instaliations. The decision to use these techniques for
permanent monitoring well installations should be based en information indicating
that sample representativeness and installation integrity (that is, avoidance of
cross-contamination of aquifers) are comparable (o conventiohal monitoring well
installations with screens, filter pack, and grouting. To ensure comparability of
ground-waser quality results, all monitoring well installations for a particular phase
of investigalions at a site should be of the same type {that is, either all conventional
or ¢l drive/push installations), ’

7 Good references for additional information on sampling of submerged bottom
sediments inciude: Barth and Starks (807 and Palmer (80). Guy and Norman (80)
provide additional information on sampling of fluvial sediment.

45 Chappelle (83) provides a useful reference for microbial sampling of ground
water, Some major refersnces on soil microbiology and ecology. geamicrobiology
and micrabial biogeochemistry include: Alexander (84), Elrlich (85), Killham (86),
Kuznetsoy et al (87), Paul and Clark (88), and Zajic (89).

ture, and wind may be required for ground-water budget
studies. Humidity, temperature, and wind should be routinely
monitored during field- investigations to document site condi-
tions. Such monitoring is especially important for worker
Lealth and safety when it is very cold, or impermeable
protective clothing is required when ambient temperatures are
high. Air quality sampling may be required during environ-
mental site investigations for: (/) identifying unsafe working
conditions and monitoring worker exposure to hazardous
chemicals, (2) evaluating ait exposure pathways for environ-
mental risk assessment, and (3) assessing ambient concentra-
tions of regulated air poliutants. Table X1.1 provides an index
to ASTM methods for monitoring ambient atmospheric param-
eters, and field sampling.

11.4 Other Sampling Considerations:

11.4.1 Al sampling procedures for chemical analysis re-
quire cleaning and decontamination of sampling eguipment to
prevent cross contamination of samples. Practice D 5088

addresses decontamination of field equipment at nonradioac- '

tive waste sites.

11.4.2 Special care is required when locating permanent
vadose-zone and ground-water monitoring - installations for
time-series sampling. Failure to site such permanent installa-
tions in locations downgradient from potential contaminant
sources or to intersect zones of preferential movement of
contaminants can result in wasteful expenditure of funds for
chemical analysis, or even failure to detect contaminant move-
ment. The location of permanent monitoring installations
should be thoroughly justified based on the cenceptual model
of the site. Surface geophysical methods, multiple piezometers
for measurement of ground-water flow direction, and analysis
of samples taken using in situ soil gas and ground-water
gamplers can provide information reguired for rational siting of
permanent monitoring installations, ‘

12. Field Methods: In Sitn Testing and Analytical
Methods

12.1 In situ testing (for example, tests that measure the
in-place characteristics of subsurface materials) is useful for:
measuring the hydrologic properties of a larger volume of the
subsurface than is possible in laboratory tests on soil and rock
cores; Tor rapid or closely spaced measurements, or both, of
earth properties without the necessity of sampling; measuring
subsurface chemical parameters to minimize chemical alter-
ations by bringing samples to the surface for analysis; and
measurement of engineering propetties of soil or reck in an

" undisturbed condition including consideration of lateral and

11

vertical loads associated with the surrounding mass.

12.2 Field analytical methods use conventional or adapted
laboratory methods for analysis of samples that have been
removed from their in-place position. Mechanical sieve analy-
sts of soil samples is commonly used to assist in field
classification of scil texture. Field analytical methods such as
portable gas chromatographs, X-ray fluorescence, and enzyme

immunoessay kits are being increasingly used for environmen-

tal site characterization. Field instrumentation and procedures
for chemical characterization are changing rapidly and the
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appropriate regulatory anthority should be consulted for ac-
cepte¢ methods and procedures when investigations are per-
formed for regulatory purposes.

12.3 Hydrologic Properties:

12.3.1 Aquifer tests are used to collect data for calculating
hydraulic conductivity, transmissivity, and aquifer storage
properties. Tests may include, but are not limited to packer
tests for low-permeability rocks (see Test Method D 4630 and
Test Method D 4631), slug tests {see Test Method D 4044, Test
Method D 4104, and Test Method D 4050), and aquifer tests

- with control wells (see Test Methods D 4105, D 4106, D 5269,
and D 5270). Guide D 4043 provides guidance on selection of
aquifer field test methods and analysis procedures based on
aquifer characteristics. In karst and fractured rock hydrogeo-
logic settings refer to Guide D 5717 for special approaches
required for characterization of hydrologic properties. In such:
settings' conventional aquifer test methods may not be appro-
priate. Similar problems may also occur in heterogeneous
porous media.

12.3.2 Test Method D 5084 provides a method for measur-
ing point hydraulic conductivity of low-permeability materials
using undisturbed core materials (<1 X 10°  cm/s); Test
Method D 2434 provides a method for measuring hydraulic
conductivity of granular materials (>1 X 10 ™ om/s).

12.3.3 Field measurements of vadose zone hydrologic pa-
rameters include water content, matric potential, and infiltra-
tion rate and hydraulic conductivity. Guide D 5126 provides
guidance on selection of methods for measuring saturated and
unsaturated hydraolic conductivity in the vadose zone. Table
X1.1 identifies ASTM methods for measuring infiltration rate,
matric potential, and meoisture content.

12.4 Physical Properties—In situ measurements of vertical
and horizontal variations in soil density using a standard
penetration test (see Test Method D 1586), cone penetrometry
{see Test Method D 3441) or a gamma-gamma nuclear probe
{(see Test Methods D 2922 and D 5195), can provide useful
information for stratigraphic interpretation within and between
boreholes. Other physical properties that affect water move-
ment can be measured with a variety of borehole geophysical
logging tools, including induction, gamma, resistivity, neutron
porosity, sonic, and caliper tools. In addition, downhole video
and acoustic televiewer instruments may provide information
on such properties as fractures, vugs, and bedding plane
orientation.

12.5 Use of ion-selective electrodes to measure chemical
parameters in place in the subsurface is an established tech-
nology (see Terminology D 4127). Fiber optic chemical sen-
sors are a relatively new technology with good possibilities for
making in-sita chernical measurements for environmental site

- characterization.*”

-12.6. Engineering Properties—Engineering properties. are
primarily of interest for environmental site characterization if
design of pollution confrol measures, such as impoundment

** The term in situ here is confined to methods that measure chemical parameters
in place without bringing a sample to the surface, The term may also be applied o
ground water sampling devices that do not require instaliatton of 2 monitoring well.
En situ chemical sensors can be placed i monitoring wells or by using CPT or other
push technologies.
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liners, or remediation activities:are required. Numerous ASTM
field methods are available for in situ measurement of soil and
rock engineering properties. These are identified in Table X1.1.

13. Analysis and Interpretatlon of Results

13.1 Evaluate data to determine whether data quality re-
quirernents were met (see 5.1.5). Data review and analysis
should include all reliable field and laboratory data from
previous investigations i the same area. Review field and
laberatory QA/QC procedures and measurements to assess data
validity, and determine whether data quality requirements (see
5.1.5) have been satisfied. Interpretation of field- and
laboratory-measured environmental parameters should include
an evaluation of possible limitations of the methods used.
Basic assumptions for analytical techmiques and methods
should be evaluated to determine if site conditions meet
assymptions. For example, the analysis of aquifer test results
should identify the approximate volume of the aguifer mea-
sured by the test, and the underlying analyticzl or other
equations used to compute aquifer parameters. If site condi- .
tions do not satisfy the assumptions of the solution method, the
effect on accuracy and interpretation of results should be
stated. e I

13.2 Develop graphical presentation of data to facilitate
interpretation of spatial relationships and, when time series .
data are available, presence or absence of trends. Map views,
cross sections, and data contouring methods are especially
useful for presentation of spatial dats.

13.2.1 A map of the area under mvestlgatlons prowdes
essential information about the land surface, including natural
and anthropogenic features, and the. locations of sampling,
monitoring wells, and other observatmn points, L

13.2.2 Cross.sections. should .identify . actual. surface and.... .
subsurface observations according to elevation and location. -
Cross sections showing correlation of stratigraphic or litho-
logic units and interpretation of other conditions between direct
subsurface observations should be indicated as interpretations
(that is, dashed. lines) and based on standard geologic proce-
dures. When feasible, .geophysical survey data, such as con-
tinuous geophysical profiles should be used to support corre-
lations and other interpretations. The interpretive cross sections
should be accompanied by notes describing anomalies or
otherwise significant variations in the site conditions that might
affect any interpretations.™®

13.2.3 Contouring methods, such as struchwre contours of
geologic strata or buried bedrock, potentiometric surfaces, and
maps showing lines of equal concentration or value should be
constructed using appropriate interpolation techniques.®' The
method of interpolation should be documented. When feasible,
the same data should be contoured using different interpolation
methods and compared. .

13.3 Statistical methods used. to analyze “data. shonid be
appropriate for the type of data. Most conventional statistical

 Additional exploration should be considered if there is not sufficient informa-
tion io dev e]op interpretative cross sections, with realistic descriptions of anhclpated
variations in subsurface conditions, to meet project requirements,-

%! Most field peology texts identified in Footmote 16 discuss inferpolation
techniques, Davis {91}, Hamilton and Jones (94) and Jones et al. (95) are other good
references.
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methods assume a normal distribution around the mean,

Typically, environmental data measurements do not exhibit

normality because of spatial correlation, the presence of
outliers, or other effects.”® Geostatistical methods are best for
analyzing spatially related data (see 11.1 and related refer-
ences). When contaminants are present in low concentrations
(at or below the detection limit), the report should indicate
whether chemical data have been censored and if so, assess the
possible effect of censoring (that is, values reported as not
detected or below the detection limit). Practice D 4210 ad-
dresses data censoring and its possible significance.

13.4 Information on topography, geomorphology, soils, cli-
mate, vegetation, surface hydrology, and anthropogenic influ-
ences should be integrated with subsorface geologic, hydro-
geologic, and geochemical/hydrochemical interpretations as
required by the objectives of the investigation. At contaminated
sites, identification of pathways for movement of contaminants
and estimation of exposure concentrations, and determining the
rate of movement may be an important result of the site
cheracterization study.”®

14. Report

14.1 Report the following information:
14.1.1 Pertinent ASTM Standards, (Terminology D 653,
Practice D 3584, Practice E 177, and Practice E 380).

52 Thie EPA’s GRITS/STAT software for analyzing ground-water moniloring data
aliows testing of the appropriateness of conventional stafistical analysis of time
series data, 2nd includes 8 number of aliernative tests if conventional tests are not
appropriate {$2).

53 Estimation of exposuré concentrations may require use of batch sorption/
Jeaching tests and vadose zone contaminant mebility studies. Roy et al (93} provides
1.5, EPA guidance on batch test for estimating soil sorption of chemicals, and Table
%1.2 (Laboratory Fate Testing) provides an index of ASTM sorption and leachabil-
ity test methods.

14.2 The report of an environmental site characterization
study should include:

14.2.1 The location of the arez investigated in terms perti-
nent to the project. This may include sketch maps or aeral
photos on which the test pits, bore holes, and sample areas are
located, as well as geomorphological data relevant to the
determination of the various soil and rock types. Such data
inclade elevation contours, stream beds, sinkholes, cliffs, and
all other relevant physiographic features. All significant anthro-
pogenic features should be located on the base map or a
separate map. Where feasible, include in the report a geologic
map or an agronomic soils map, or both, of the area investi-
gated,

14.2.2 Additional basic information as required by the
objectives of the investigation,

14.2.3 A description of the investigation procedures includ-
ing all borings and test hole logs, graphic presentation of all
lithologic and well construction logs, tabulation of all test
results, and graphical interpretations of geophysical measure-
ments, and

1424 A summary of the findings obtained vunder Sections
6,9, 10, 11, 12, and 13, using subhead titles for the respective
sections, and appropriate recommendations and disclaimers for
the use of the report.

15, Keywords

15.1 conceptual site model; environmental site characteriza-
tion; exploration; feasibility studies; field investigations; geo-
logical investigations; geophysical investigations; ground wa-
ter; hydrologic investigations; maps; preliminary
investigations; reconnaissance surveys; sampling; site charac-
terization; site investigations; soil surveys; subsurface investi-
gations

APPENDIXES

(Nopmandatory Information)

¥1. ASTM STANDARDS PERTINENT TG ENVIRONMENTAL SITE CHARACTERIZATION

X1.1 This appendix lists more than 400 standard test
methods, practices, and guides for use in the field and
laboratory that could be pertinent for site characterization for
environmental purposes. Two tables provide a quick reference
to two categories of standards:

¥1.1.1 Table X1.1 identifies more than 320 potential field
and laboratory methods for sampling and characterization of

soil, ground water, and. waste materials. Other ASTM methods
for measuring site parameters that may need to be monitored
during environmental site investigations, such as humidity and
wind, are also included in Table X1.1, All standards listed in
this table follow in alphanumeric sequence.

TABLE X1.4 Index to ASTM Field and Laboratory Methods Possibly Pertinent to Environmental Site Characterization®

Topic ASTM Standard
General:
Reports Indexing papers and reports {D 3584}, use of medernized metric system (E 380)
Terminclogy Seil, rock and contained fiuids (D 853); atmospheric sampling (D 13586); basic stafistics (D 4743); waste and waste

management (D 5681, D 5688 sampling and monitoring, D 5689 characterization); water (D 1189)

13
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TABLE X1.1 Conlinued

Toplc ASTM Standard

Objective-Oriented Guides Acquisition of file aerial photography and imagery for establishing historic site use and surficial conditions (D 5518);
Contaminated Sites: Expedited site characterization (PS 85) daveloping conceptual site models far contaminated sites - -
(E 1689); accelerated slte characterization for petroleum relsases (PS 3); risk-based corrective action at petroleum release
sites (E 1739); short term measures or early actions for site remediation (D 5745); envirenmental condition of property
area types (D 5746) environmental baseline surveys (D 6008); real estate praperty transactions {E 1527, E 1528); Site-
Characterization: environmental (D 5730 - this guide, D 5995 cold regions: D 6067 - ECPT); engineering and construction
purposes (D 420); Septic System Characterization (D 5879); Subsurfase {0 5821): sizing (D 5925): Environmental-
-Management: development and implemantation of a poliution prevention pragram (E 16C8}; lifecycle costing for-pollution -
prevention (PS 14); assessment of busied sieel tanks (ES 40); environmental regulatory compliance audis (P8 11);
evaluation of an organizations environmental management system {PS 12}, development and implementation of a source
reduction program (PS 26)

Sampling:
General Collection and preservation of information and physical items by a technical investigator (E 1188); probability sampling of
- mafterials (E 105)

Air Cheosing locations and sampling methods fer atmospheric deposition at nonurban locaticns (D 5111, D5012); guide for
laboraiories (D 3614); flow rate calibration of personal sampling pumps (D 5337}; planning ambient air sampling (D 1357);
ambient air analyzer procedures (D 3249); sampiing stationary source emissions (D 5835); Airborne Microarganistris:-
Sampling at municipal solid waste facllities (E 884); Sampiing Organic Vapors/Toxic Vepars: Charceal tube absorption
(D 3686), canister (D 5466); detactor tubes (D 4490); length-oi-stain dosimeter (D 4599); Particulate Matfer Determination:
Fliter absorbance method (D 1704, D1704M); high-volume sampler (D 4096, D 4538); dustfall (D 1739—settleable
particulates); Warker Protection: Afr monitoring at waste management facilities for worker protection (D 4844); air sampling
strategies for worker and workplace protection (E 1370); collection of airbome rarticulate lead during abatement and
construction activities (E 1553); activated charcoal samplers (D 4587}, liquid sorbent difussional samplers (D 4598);
pesticides and PCBs (D 4861) Sampiing indaor air quality of building (D 5791)

Biological Materiais Aseptic sampling (E 1287}, see also Table A2 e . .

Soil/Rock/Sediments Minimum set of data elements for soil sampling {D 5811); Drilling Methods: cable tool (D 5875); casting advancement
(D 5872); diamond core drilling (D 2113); direct air-rotary (D 5782); direct fluid rotary (D 5783); direct rotary wireline
(P 5876); dual-wall reverse circulation (D 5781); hollow-stem auger (D 5784); Field Sampiing and Handling Methods: ..
Auger sampling (D 1452); radionuclides (C 998); ring-lined barret (D 3550); split barrel (D 1586); :thin-wall tube (D 1587);
volatile organics {D 4547); Sedimenis: sediments (D 4411—fluvial sediment in motion, D4823—submerged, D3213—
handling, storing and preparing saft undisturbed marine soil; E1391—collection for toxicological testing)

Vadose Zone Field Methods: Pore Hiquids {D 46986); soll (D 4700); soil gas (D 5314) o

Water Purgeable headspace sampling {D 3871); waterborne aiis {D 4489); continual cn-line monitoring (D 3864}; fiterable and
nonfilterable matter (D 5907); on-line sampling/analysis {D 5540—flow and temperature control), water-formed deposits
(D 887); Planning: water quality measurement program (D 5612); water monitoring programs (D 5851); Ground Water:

Sampling methads (D 4448); direct push sampling {D 6001); planning & ground-water sampling event {D 5303); Surface -
Water. dipper or pand sampler (D 5358); Closed Conduits: equipment (D 1192); samgling {D 3370}; Laboratory Practices:
: D3856

Waste/Contamirants General Guidance: General planning (D 4687); representative sampiing (D 6044}; composite sampling and field

subsampling (D B051); Heterogeneous wastes (D 5956); Specific Sampling Procedures: bituminous materials (D 140);

COLIWASA (D 5485); drums generat (D 6063 consolidated solids—D 5579, unconsolidated solids—D 5680); single or

mutilayered liquids (D 5743); pipes and other point discharges (D 5013); scoop (D 5633}, unconsolidated waste fram truck :
(D 5658); UST release detection devices (E 1430, E1526); volatile organics {D 4547); waterborne oils (D 4489); oil/water

rixtures for off spill recovery equipment (F 1084} waste pilss (D 6009} I R E TSR

Preservation/Transport Sample chain of custody {D 4840 estimation of holding time for water samples {D 4515, D4841); Field Mefhods—Rack
core samples {D 5078); sample containers for organic constituents (D 3894); soil samples (D 4220); sediments for T
toxicological iesting (E 1391); preservation/preparation of waterbome cil samples (D 3325, D 3326); handling, storing and - - - -v= -
preparing soft undisturbed marine soii {D 3213) BRI TR RRTR RN

Decontamination of Field Field Methods: Nonradioactive waste sites (D 5088); low-leve! -radioactive waste sites (D 5608)
Equipment
Data Management/Analysis QA/QC: Waste management environmental data (D 5283}); waste management DQOs {D 5792); precision and bias (E 177);

QC speciiication for organic constituents (D 5789); Data Analysis: Evaluation of technical data (E 678); ouilying

observations (E 178); reporting results of examination and analysis of water-formed deposits {D-933); Geoslatistics: ...

reporting geostatistical site investigatians (D 5549); analysis of spatiai variation (D 5922); selection of kriging methads

(D 5923); selection of simulation approaches (D §924); Spatial Data: digital geospatial metadata (D 5714); see aiso

Ground Water {Data Analysis) :
SoiifRock Hydrologic Properties: P

Infiltration Rate " Field Methods: Double-ring infiltrometer (D 3385); sealed double-fing infiffromater (D 5083}
Matric Potential Field Methods: Tensiometers (D 3404); Laborafory Method: Filter-paper method (D 5298) - S TR -
Water Content Flaid Methods: Calcium carbide method (D 4944); neuiron probe (D 3017—shallow depth, D 5220— depth probe: D 6031 -

horizontal, slanted and vertical access tubes); Laboratory Methods: Direct heating method (T 24858); micrawave aven
method (D 4643); standard oven drying method (D 2216); centrifuge moisture equivaient (O 425)

Hydraulic Conductivity Fleld Methods: Vadose zone (D 5126}; Laboratory Methods: Granular soils (D 2434—>1 % 107 crafsec); low permeability
solls (D 5084—<1 x 107% cm/sec); rigid-wall compaction-mold permeameater {0 5856); effect of freeze/thaw (D 6035);
peat (D 4511) '

Cther Hydrologic Properties Laboratory Methods: Air permeability (D 4525); Soil water retention (D 2325—medium/coarse textured, D3152—fine-
textured)

Soil/Rock Physical Properties: -

Pariicle Size Solf Laboratory Methods: Analysis (D 422); dry preparation (D 421); <200 sleve (D 1140); wet preparation (D 2217);
Sediment: Selection of methads for fluvial sediment (D 4822) . )

Soll Density Field Methods: Drive cylinder (D 2937); gamma-gamma (D 2922—<12", B3195—>12"); (D 4531); penetration {D 1586);

rubbsr-baltoon methad (D 2167), sand-cane method (D 1556); sand replacement method {D 4914); selive method
(D 4564) water replacement method (D 5030}; nuclear method (D 6031)
Pare Velume/Specific Density Laboratory Melhods: pore volume (D 4404); specific gravity (D 854, D5550—gas pycnometer)

14
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TABLE X1.1 Continued

Topic

ASTM Standard

Cone Penetration

Classification

Geophysical Properties

Engineering Properties

Miscellaneous
Peat/Organic Solls
Frozen Sails
SoilfRock Chemistry:
Basic Chemistiry
Soil GContaminants
Sediments :
SorptioniLeachabllity
Ground Water:
Characterization/Monitoring
Data Elements

Daia Analysis/Presentation

Monitoring Wells

Aquifer Hydraulic Properties

Madsling

Chemistry

Microbiology

Surface Waler:
Geometry/Flow Measurement

Dther Characteristics

Waste/Contaminanis:

Field Methods: Sn-situ cone penetration testing (D 3441, D 5778); GPT stress wave energy measurements (D 4633)
liquificatian potential evaluation (D 6066); ECPT for enviranmental site characterization (D 8067)

Field Methods; Field logging (D 5434Y, noncohesive sediments (D 5387}, peat (D 4544—deposit thickness, degree of
humification—D 5715); sediments (D 4410); visual-manual procedure (D 2488-—unifled, D4083—frozen soils); rock mass
classification (7 5878); rock quality designation (1 6032); Laborafory Methods: Dimension stone (C 199} frozen solls
(D 4083); natural minerai aggregates (C 284); peat (D 2607): unified soll classiication (D 2487)

Field Methods: Crosshole seismic testing (D 4428/0 4428M); seismic refraction (D 5777); soil resistivity {G 57—Wenner
4-glactrode mathod); planning and cenducting borehole geophysical logging (D 5753)

In Situ Field Methods: Bearing capacity/ratic (D 1194, D 4428}, deformability and strength of weak rock {D 4555); direct
shear strength (D 4554, D 5607); eradibllity (D 5852), frost heaveithaw, susceptibllity (C5918); exiensometers (D 4403); in
situ creep (D 4553); in situ madulus of defermation (D 4394—rigid plate, D 4395—flexible plate, D 4506—radia! jacking
test, D 4729—latjack method, D 4781—Dborehole jack); in sltu siress {D 4823—horehcle deformaticn gage, D 4645—
hydraullc fracturing; D 4729—flatjack method); pressure measuremeni (D 47 19—pressuremeter, D 5720—transducer
calibration); vane shear test (D 2573); Laboralory Methods: California bearing ratio (D 1883); classification (D 2487);
compaction (D 698, D 1557, D 5080); compressive strength (D 2166, D 2838); consclidation (D 2435); core dimensional
and shape tolerances (D 4543); dispersive characteristics {D 4224—double hydromeier; D 4647—pinhale test); elastic
properties, (D 2845, D 3148); impact valve (D 5874): Yinear displacement (D 6027 - calibrating transducersy, liquid limit
(D 4318); moisture content-penetration resistance (B 1558); one-dimensional swell (D 4546); plastic limit/plasticity index
(D 4318): point load strength (D 5731); rack hardnass (D 5873) shrinkage facters (D 427, D 4843}, tensile strength
(D 2036; D 3967); thermal properties (D 5334, D 5335); triaxial compression (D 2650, [ 2664, D 4408, D 4767, D &31,
D 5407); uniaxial compression (D 4341, D 44085); use of significant digits (D 6028); vane shear iest (D 4648); Evaluation
of Laboratories: D 3740

Field: Geotechnical mapping of large underground openings in reck (D 4543); Laboratory Methods: X-ray radiography
(D 4452)

Laboratory Methods: Bulk density (D 4531); classification (D 2607Y; hydraulic conductivity (D 4511); pH (D 2876); moisture/
ash/organic matter (D 2974)

Fiaid: Descirption (D 4083); Laboratory: Greep properties by uniaxial compression (D 5520}

Field Methods: Seil pH for corrosion lesting (G 51); Laboralory Mathods: Calcium carbonaie (D 4373); pH {D 4972); soluble
sall content (D 4542); diagnostic sl test for piant growth and food chain pretection (D 5438} minimurn reguirements far
laboraioties engaged in chemical analysis {D 5522)

Nitroaromatic and nitramine explosives (D 5143); screening fusis (D 5831); PCBs using rocm temperature phosphorescence
(P8 47) .

Preparation for chemical analysis (D 3875, D3eTe)

See fate-related procedures in Table A

Assessing aquifer sensitivity and vuinerability (D 6030 conceptualization and characterizaticn {D 5978); existing wells
(D 5980% monitoring karst and fractured rock aguifers (D 5717); statistical approaches for ground-water detection
manitoring pragrams (PS 64)

Field Methods: Minimum set (D 5254}, additional identification descriptors (D 5408); additional physical descriptors (D 5408};
additional usage description (D 5410); selection of data elements (D 5474)

Presentation of water level infarmation (D 6000); Chemical Analysis: Diagrams for single analyses (D 5738}, trilinear
diagrams (D 5754); diagrams based on data analytical calculations (O 5877); use of maps (D 8036}

Field Mathods: Design/installation (D 5082); protection {D 5787); decommissicning (D 5299); casing (D 1785, F480); grout
{C 150—portiand cemsnt); water level measurament (D 4750); well development in granular aquifers (D 5521} well
discharge (D 5716—¢ircular orifice weir, D 5737—gulde to methods); maintenance and rehabilitation {D 5878)

Field Methods: Packer tests (D 4630, D 4631), aquifer tests with control walls {D 4105, D 4106, D 5268, D 5270, D 5472,

D 5473); D 5920 - anistropic unconfined; D 6028; (leaky confining beds); slug tests (D 4044, D 4050, D 4104, D 5785,
D 5881, D 5912); constant drawdown for flowing wells (D 5787, D 5855); constant rate pumping (D 8034); pariially
penetrating wells (D 5850); test selection {D 4043)

Site spesific appiication (D 5447); comparing simulation to site-speciiic information (D 5490); documenting model application
(D 5718); defining boundary conditions (D 5608); defining Initial conditions (D 5640); conducting sensitivity analysis
(D 5611); simulation of subsurface air flow (D 5719); subsurface flow and transporl modeling (D 5880) model calibration
{0 5081); developing and evaiuating codes (D 6025); describing functionality (D 8033)

Eleid Methods: Acidity/Alkalinity (D 1067); elestrical conductivity/resistivity (D 1125}; ion-selective electrodes (D 4127); low-
lovel dissolved oxygen (D 5462); cdor (D 1282); pH (12 1283, D 5484); redox potential {D 1488), lest kits for inorganic
consiituents (D 5463); turbidity (D 1889); Extraction Methods: purgeatle organics using headspace sampfing (D 3871);
micro-extraction for volatiles and semivelatiles (D 5241); Laboratory Methods: Organic carbon (D 2579); minimum
requirements for laboratories engaged in chemical analysis (D 5522); see, generally, Vols 11.01 and 11.02

ATP content (D 4012); Iron bactetia (D 932); suifate-reducing bacteria (D 4412}, microbial respiration (T 4478); microscopy
(D 4454—iotal respiring bacteria, D4455—epiflusrescence); plating methads (D 54685); an site screening heterotrophic
bacieria (F 488)

Depth measurement (D 5073 & 5808-horizontal positioning}; measurament of morphologic characleristics of surface water
bodies (D 45681); operating a gaging station (D 5674) Discharge: Step backwater method (D) 5388); Open Channel Flow:
Selection of weirs and flumes (D 5640); acoustic methods (D 4408); acoustic velocity methad (D 5389); broad-crested
weirs (D 5614); culverts (D 5243); developing a slage-discharge relation (D 5541); dye tracers (D 5613); electromagnetic
current meters (O 5089); Palmer-Bowles Flume (D 5390); Parshall flume (D 1841); rotating element current melers
(D 4409); slope-area method (D 5130); thin-piate weirs (D 5242); velocity-area method (T 3858); width contraciions
(D 5129); Open Water Bodiss: Water level measurement (D 5413)

Suspended sediment concentration (D 3877); environmental canditions reievant Lo spill contral systems (F 828); Chemistry:
See ground water above
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TABLE X1i.1

Confinued

Topic

ASTM Stancard

Waste Properties

Field/Screening Methods; Compatibility (D 5059); cyanides (D 5048); flammability potertial (D 4982); oxidizers (D 4981); pH

(D 4980); physical description scresning analysis (D 4079); radioaclivity (D 5928); suifides {D 4978); waste specific gravity/
bulk denstty (D 5057); Laboratory Methods: Waste bulk density (E 1109); biological cloggding of geotextiies (D 1987); coal
fly ash (D 5769); sofid waste freeze-thaw resistance {D 4B42); stability and miscibility (D 5232); wetting and-drying

(D 4843); Exiraction Methads: Single batch extraction methods {D 5233); sequential batch extraction with water (D 4793 -
water, D 5284 - acidic extraction fiuid); soxhlet extraction (D 5369); total salvent éxtraciable content {D 5368); solvent

Contaminant Fate
Radioactive Materials

extraction of total patroleum hydrocarbons (D 5765); shake extraciion of salid waste and water (D 3987)
' See fate-related procedurss in Table A2 )

Monitoring: Detecior calibration {E 1 B81); radiation measurement/dosimelry (E 170}; radiation pretection programs for

decommissioning operations (E 1167); Sampling/Preparation: sampling surface soil for radionudlides {C 998}; soil sample
proparation for determination of radionuclides {C 999)

Asbestaos
Other Site Conditions:
Field Aimospheric Conditions

Screen analysis (D 2947)

Atmaospheri¢ pressure (D 3631); conversion unit and factors {D 1914}; determining comparability of metecrological

measuraments (D 4430); Humnidify: Dew-point hygrometer {D 4030%; psvohrometer {E 337); terminology (D 4023); Wind:
Anemometers (D 4480, D 5096, D 5741);

D 53B8) see Volume 11.03 generaliy
Solar insclation

surface wind by acoustic means (O 5527); wind vane (D 5741, performancs -

Pyranometers (E 824, E 913, E 941); pyrheliometers (E B16).

“Boldface—Method selection guide.

X1.1.2 Table X1.2 identifies more than 80 standard test
method, practices and guides that address field sampling for
ecological characterization and laboratory methods, such as
toxicity testing, relevant to human and ecological risk assess-
ment.

X1.2 This guide does not specifically address laboratory
metheds, but Table X1.1 provides a convenient index to
laboratory methods that might be useful for testing and analysis
of soil, water, and waste samples collected during an environ-
mental site investigation. This appendix does not contain a
detailed listing of laboratory ‘methods for measurement of
specific chemicals that might be of concern in an environmen-
tal investigation. However, methods for measurement of
chemical parameters that are routinely used in field investiga-
tions and laboratory methods that provide information relevant
to the transport and fate of contaminants and other chemical
constituents in the subsurface are inchided. -

X1.3 The foliowing ASTM compilations may be useful for
Environmental Site Characterization:
X1.3.1 Compilation of Scopes af ASTM Standards Relating

to Environmental Monitoring. 1993, 328 pp. [Contains 700
scope statements),

16

X1.3.2 ASTM Standards on Ground Water and Vaddse Zone
Investigations, 2nd.ed. 1994, [46 Standards],..

X1.3.3 ASTM Standards.on Envirohmental Site Assessments .
Jor Commercial Real Estate, 2nd"ed. 1994,-55 pp. [Inctudes - -

E1527 and E1528],

X1.3.4 ASTM Standards on Hazardous Substance and Oil 7
Spill Response, Znd ed. 1994, 144 pp. [38 standards],

X1.3.5 ASTM Standards on Lead-Based Paint Abatement in
Buildings. 1994, 174 pp. [28 standards], =~ = - )

X1.3.6 ASTM Standards on Envirommental Sampling,
1995, 532 pp. [70 standagds), . . .

X137 ASTM Standards on Analysis of Hydrologic Pa- )
rameters and Ground Water Modeling, 1996, 148 pp. [23
standards],.and. .. ... ..

X13.8 - ASTM. Standards -on - Design..and Planning for ..
Ground Water and Vadose. Zone Investigations, 1996,.120 pp........

[10 standards].. -
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TABLE X1.2 Index to ASTM Field and Laboratory Methods for Ecological Characterization

Tobic

ASTM Standard

Genaral:
Terminology

Fieid Sampling:
Phytoplankion

Zooplankion

Benihic Macroinvertebrates

Fishes

Toxicity Testng:
Microbial Detoxification
Waier

Sail
Sedimeant
Other Tests

Fate-Relaled Procedures:
Hazard Assessment

Modeling
Migrocosm Tests

Laboratory-Fate Testing

Biological effects and enviranmental fate {Terminclogy E 843)

Classification for sampling (Classification D 4148), Sampling Methods—Depth-integrating samplers (Practice D 4135);
Clarke-Bumpus sampler (Praciice D 4134); conical tow nets {Practice D 4132); pumps (Practice D 4133); water
sampling bottles (Practice O 4136); Sample Preserveticn—Practice D 4137; Other Methods—Neasurement of
chiorophyli content of algae in surface water (Practice D 3731); Sesdgwick-Rafter method (Test Method © 4148)

Sampiing Methods—Clarke-Bumpus sampler (Practice E 1198); conical iow nets (Practice E 1201); pumps (Practice
E 1198); Sample Preservation—Practice E 1200. .

Selection of sampling devices {Gulde D 4387):* Grab Samplers—Ekman (Practlce D 4343); Holme scoop (Practice
D 4348); Ckean 50 (Practice D 4346); Orange Peel (Practice D 4407); Ponar (Praciice D 4342); Peterson (Praciice
D 4401); Shipek scoop (Practice D 4347}, Smith-Malntyre {Practice D 4344); Van Veen {Practice D 4345); Other
Samplars: Basket (Practice E 1468); drift net (Practice D 4558}, multiple plate (Praciice E 1489); selecting stream net
devices (Guide D 4556);* Surber and related samplers (Practice D 4557)

Classification for sampiing (Practice D 4211); sampling with rotenone (Practice D 4131)

Chemically contaminated water and seils (D 5660) '

Behavioral iesting in aquatic toxicalegy (E 1604); measurement of behavior during fish toxicity test; (E 1711); estimation
of median lethal concentration for fish using octoncl-water partition coefiicient (Practice E 1242); veniilatory behavioral
toxicology testing of freshwater fist (E 1768); Acuie Toxicity Tests—Bivalve moliusks {Guide E 724); fishes,
macroinvertebrates and amphibians {Practice E 728, Guide E 1192-aqueous effluents); mosquito Wyoemyia smithif
(Guidle E 1365); polychateous annelids (Guide E 1562); rotifer Brachionus {Guide E 1440), west coast Mysids (Guide
E 1463); echinoid embryos (E 1563); Life Cycle/Renewa! Toxicity Tests—Daphnia magna (Guide E 1193); Ceriodaphnia
dubiz (Guide E 1295 polychateous. annellds (Guide E 1562); saltwater Mysids (Guide E 1191); Static Toxicity Tests—
Bivalve moliusks (Guide E 724); Lemna gibba G3 (Gulde E 1415} microalgae {Guide E 1218); mosquito Wycemyia
seithii (Guide E 1385); west coast Mysids (Guide E 1463); Other Toxiclly Tests—Algal growth potential (Practice
D 3978); chronic—palychaieous annefids {Guide E 1562); early life-stage fishes (Guide E 1241); toxicity-induced
enzymatic inhibition In Daphnia magna {Provisional Test Method P 235)

Soll toxiclty test with Lumbricid earthworm EiSenia (E 1678}

Coliection, storage, characterization and manipulation (Guide € 1381); designing biological tests (E 1525);
hioaccumulation by benthic invertebrates (E 1688); Toxicity Tests: marine and estuarine Amphipods (Gulde E 1367);
freshwater inveriebrates (Guide E 1383, E 1706)

Sexual reproduction test with seaweeds (E 1498); Avian Species: Substrate dietary toxicity tesis (E 857); reproductive
studies {E 1062); use of lighting in laboratory testing (E 1733)

Assessing the hazard of a material to aguatic organisms {Guide D 1023); radioactive pathway meihodalogy for release of
site following decommissioning (Guide E 1278)

Evaluating mathematical models for the environmental fate ef chemicals {Practice E 978)

Freshwater aquatic microcosm (Practice & 1366); terresirial soil-core microcosm (Guide E 1197); chemical faie In site
specific sediment/water micracosms (E 1624)

Substitute wasiewater specification (D 5905) Bioconcentraion—Fishes and bivalve mollusks (Practice E 1022);
Biodsgradation—anaercbic (Test Method E 1196); shake-flask die-away method (Test Method E 1279); organlc
chermnicals In semi-continuous activated sludge (E 1625); sealed vessel CO; production test (E 1720), Faie-Related
Chemical Properties—Aqueous sojubility (Test Method E 1148); hydrolysis raie constants {Practice E 895}, octanal/
water partition coefficient (Test Method E 1147); vaper pressure (Test Mathod E 1194), Sorption/Leachability—
Contaminant sorption (Test Method © 4648); 24-h batch sorption of volatile organics (Test Method D 5285); distribution
ratios (Test Method D 4319); organic carbon sorption constant {Test Methed E 1195); waste ieaching column test (Test
Method D 4874) Environmental Analytica! Laboratories: iraining programs (D 5829); see also waste extraction
procedures [ Table X1.1.

ABoldface—Method selection guide.

X14 ASTM Standards—Indexed in Table X1.1 (In Vols

DA420-93 Guide to Site Characterization for Engineering, Design, and
04.08 or 04.09, unless otherwise specified).®* > Construction Purposes
. D421-85 Practice for Dry Preparation of Soil Samples for Particle-
C150-92 Specification for Poriland Cement (Val 04.01) Size Analysis and Determination of Scll Gonstants
€198~ 01 Terminoiogy Relaiing to Dimension Stone ) D 422 ~ 63 Test Method for Particle-Size Analysis of Sails
C 294 — BB Descriptive Neomenclature for Constituents of Natura& Minerai D 425 — BA Test Method for Centrifuge Maisture Eguivalent of Soils
Aggregates Vol _04.02) ] ] ) 0427 -93 Test Methed for Shrinkage Factors of Soils by the Mercury
Co9B-90 Practice for Sampling Surface Soil for Radionuclides (Vol Method
12.01) ) .y D 653 - 80 Terminology Relaiing to Scil, Rock, and Cantained Fluids
C 999~ 80 Practice for Soil Sample Preparation for Deterrrination of D 698 - 81 Test Method for Laboratory Compaction Characteristics of
: Radionuciides (vol 12.01) ) Soll Using Stancard Effort (12 400 ft-Ibf/ft®) (600 kN-m/m?)
D 140 - 88 Practice for Sampllng Bituminous Maierials D854 — 02 Test Method for Specific Gravity of Soll
D BB7 -82 Practice for Sampling Water-Farmed Deposits (Vel 11.02)
D 932 - 85 Test Method for iron Bacteria in Water and Water-Formed
Deposits {Vol 11.02)
5 ior to 1994 Volume 04.08 contained 8]l standards on sail and rock. 0933-84 Practice for Reperting Results of Examination and Analysis
Reginning in 1994 this yalume was broken imo twa volumes: Volume 04.08; Soil of Water-Formed Pepesits (Vol 11.04)
and Rock (T): D420 to D4914, and Volume 04.09; Soil and Rock ({l): D4943 10 D067 -82  Tesl Metheds for Acidily or Alkalinity of Water (vol 11.01)
latest; Geosynihetics. D 1125 - 82 Test Methods for Electrical Conductivity and Resistivity of

$5 The Tast two digits indieate the year in which the standard was adopted or the

Water (Vo! 11.01)

most recent year in which substantive revisions 1o the standard were adopted.
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D 1140-92

D 1189 -0
D1192-95

D 1194 - 94
D 1292 - 86
D 1293 -84
D 1356 —95a
D 1357 -85
D 1462 - 80
D 1488 - 83
D 1556 - 8¢

D 15857 - 91

D 1558 - 94
D 1586 ~- 84
D 1587 -- 94

D704/
D 1704M - 95

D 1739 -82
D 1785-91
D 1883 -94

D 188994
D 1914 -085

D 1941 -9t
D 1987 - 91

D 2113-83
D 2166 - 81

D 2167 -94
02216 - 90
D 2217 -85

"D 2325 -68

D 2434 — 68
D 2435 - 96
D 2487 - 93
D 2488 — 93

D 2573 - 94
D 2579 - 93

D 2607 - 69

D 2664 - B8

D 2845 - 90

D 2850 —95
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Test Method for Amount of Maierials in Scils Finer than No.
200 (75-pm) Sieve

Terminolagy Relating to Water {Vol 11,01}

Specification for Equipment for Sampling Water and Steam
in Clesed Conduits {Vol 11.01)

Test Method for Bearing Capacity of Sail fnr Static Load on
Spread Footings

Test Method for Gdor in Water {val 11.01}

Test Methods for pH in Water (Vol 11.01}

Terminology Relating to Atmospheric Sampling and Analysis
{Vol 11.03)

Practice for Planning the Sampling of the Ambient Atmo-
sphere (Vol 11.03}

Practice for Soil Investigation and Sampling by Auger Bor-
ings

Practice for Oxidation-Reduction Potential of Water (Vol
11.01)

Test Method for Density and Unit Weight of Soil in Place by
the Sand-Cone Method

Test Method for Laboratory Compaction Characteristics of
Saoil Using Modified Efiort (56 000 ft-Ibfft®) (2700 kN-m/
m?)

Test Method for Moisture Content Penetration Resistance
Retationships of Fine Grained Soils

Test Method for Penetration Test and Split-Barrel Sampling
of Soils

Practice for Thin-Walled Tube Geotechnical Sampling of
Soils

Test Method for Determining the Amount of Particulate Mat-
ter in the Atmosphere by Measurement of the Absorbance
of & Filter Sample (Vol 11.03)

Test Methad for Gollection and Analysis of Dustfall {Setile-
able Particulates} (Wol 11.03)

Specifications for Polyvinyl Chicride {PVC) Plastic Pipe
Schedules 40, 80, and 120 (Val 08.04)

Test Method for CBR {California Bearing Ratio) of
Laboratary-Compacied Soils

Test Methads for Turbidity in Water {Val 11.01)

Practice for Conversion Units and Factors Relating to Atmo-
spheric Analysis (Vol 11.03)

Test Method for Open Channel Flow Measurements of Wa-
ter with the Parshall Flume {Vol 11.01}

Test Method for Biological Clogging of Geotextiles of Soit/
Geotextile Filters

Test Method for Diamond Core Drilling for Site Investigation

Test Methed for Unconfined Compressive Strength of Cohe-
sive Soll

Test Method for Density and Unii Weight of Sail in Place by
the Rubber Batloon Method

Test Method for Laboratory Determination of Water (Mois-
ture) Content of Soll and Rock (Gravimetric Oven Drying)

Praclice for Wet Preparation of Seil Samples for Particie-
Size Analysis and Determination Soil Constants

Test Method far Capillary-Moisture Relationship for Coarse-
and Medium-Textured Soils by Porous-Plate Apparatus
(Soll Water Retention)

Test Method for Permeability of Granular Soils (Constant
Head) (>1 x 107 em/s)

Test Method for One-Dlmensmna[ Consolidation Properties
of Solls

Classification of Sails for Englneermg Purposes (Unified Soil
Ciassificatlon System)

Practice for Description and Identification of Solls (Visual-
Manual Procedures)

Test Methed for Field Vane Shear Test in Cohesive Soil

Test Methods for Total and Organic Carbon in Water {val
11.02)

Classification of Peats, Mosses, Humus, and Related Prod-
ueis (Discontinued in 1992)

Test Methad for Triaxial Gompressive Strength af Undrained
Rock Core Specimen Without Pore Prassure Measure-
ments

Test Method for Laboratory Determination of Pulse Velocities
and Ultrasonic Elastic Constants of Rock

Test Method for Unconsolidated, Undrained Compressive
Strength of Cohesive Soils in Triaxial Compression
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D 2922 -91

D 2936 -85
D 2937 -95
D 2938 - 88
D 2847 ~ 87
D 2974 — 87

D 2876 - 71
D 3017 —88

D 3080 - 80
D3148-93
D3M52-72
D 3213~ 94
D 3249 - 95

D 3325 -90

D 3326 - 9C

D 3370--95
D 3385 — 95
D 3404 — 91
D 344195
D 3550 — B4
D 3584 — B3
D 3614 — 80
D 3631 —84
D} 3648 - 95
D 3686 — 85

D 3694 —95

D 3740-95

D 3856 - 85
0 3858 - 9C
D 3864 - 78
D 38?.1 - B4
D 3867 - 82

D 3975-83

0 3976 - 92

D 3977 - 80

D 3887 — 85
04312 —81
D 4023 -82a

D 4043 - 91

Test Methads for Denslty of Soil and Sei-Aggregate in Place
by Nucisar Methads (Shallow Depth) (gamma-gamma,
surface or <12 in. (305 mm))

Test Methad for Direct Tensile Strength of Intact Rock Core
Specimens -

Test Method for Density of Scil in Place by the Drive-
Cylinder Method

Test Method for Unconfined Compresswe Sirength of Intact
Rock Core Specimens

Test Method for Screen Analysis of Ashestos Fibers (Vol
04.05 and Vol 08.02)

Test Methods for Moisture, Ash, and Organic Matter of Peat
and Other Organic Materials

Test Method for pH of Peat Matertals

Test Method for Moisturs Content of Soll and Rock in Place
by Nuclear Methods {Shallow Depth), (neutron-probe)

Test Method for Direct Shear Test of Soils Under Consoli-
dated Drained Conditions

Test Methods for Elastic Moduli of Intagt Rock Core Speci-
mens in Uniaxial Compression

Test Methed . for Capiliary-Moisiure Relatlonsi'ups for Fine-
Textured Scils by Pressure-Membrane Apparatus

Practice for Handfing, Storing, and Preparlng Soft Undis-
turbed Marine Soil

Practice for General Ambient Air Analyzer Procedures {Vol

- 11.03)

Practice for the Preservation of Waterborne Oil Samples (Vol
11.02)

Praclices for Preparation of Samples: forldentlﬁcatlon of -
Waterborne: Oils {vol 11.02):

Practices for Sample Walter from Closed Conduﬂs (vol
11.01) - -

Test Method for Infi Itra’uon Rate of Solls in F|eld Uslng
Dauble-Ring. Infitrometers

Guide for Measuring Matric Potantial i in the Vadose Zone
Using Tensicmeters

Test Method for In-Situ Cone Penetration Tests of Soil

Practice for Ring-Lined Barrel Sampling of-Suils -

Practice for [ndexing Papers.and Reporis on Soil.and Rock
for Engingzring Purposes {Withdrawn 9/96)

Guide for Laboratories Engaged in Sampling and Analysis of
Almospheres and Emissions (Val 11.03)

Methed for Measunng Surface Atmespheric Pressure (Vol :
11.03)

Practices for Measuremsnt of-Radioactivity (Vol 11,02) - -

Practice for Sampling Atmospheres to Cellect Organic Cam-
peund Vagors (Activated Charcoal Tube Adsurptlon
Method) (Vol-11.03)

Practice for Preparation of sample Contalners and for F'res-
ervation .of Organic Constitusnts: {Vol 11.02).. . :
Practice for Evaiuation of Agencles Engaged in the Testing. - ..
and/or Inspection of Soil and Rock Used'In Engineering

Design and Construction

Guide for Good Laboratory Practices in Laboratones En-
gaged in S8ampling and Analysis. of Water-(Val:11.01) ..

Practice far Open Channe! Flow Measurement of Water by
Veloclty-Area Method (Voi 11.01) -

Guide for Continual Cn-Line Monitcring Systams fur Water
Analysis (Val 11.01)

Test Method for Purgeable Orgamc Compuunds in Water
Using Headspace Sampling (Vol 11.02) - -

Test Method forSplitting Tensile Strength of Intact Rock
Core Specimens -

Practice for Development and Use {Praparation) of Samples
for Collaborative Testings of Methods for Anziysis of Sedi-
ments (Vol 11.02)

Practice for Preparation of Sedlments Samples for Chemical
Analysis (Vol 11.02)

Practice for Datermining Suspanded Sediment Concentra-
tion in-Water Sample {Vol 11.02)

Test Method for Shake Exiraction of Sclid Waste and Water
(Vol 11.04)

Test Method for Adenosine Triphosphate {ATP) Contentof - .-
Microarganisms in Water (Vol-11.02)

Definitions of Terms Relating to Humic!ity MeasLrements (vl
11.03)

Guide for Selection of Aquifer-Test Method in Determination
of Hydraulic Properties by Well Techniques



D 4044 - 21
D 4050 — 91

D 4083 - 88

D 4086 - 91

D 4104 -91

D 4105 - 91

D 4106 -~ 91

D 4127 - 92
D 4220 - 85
D 422190
D 4230 - 83

D 4318 -93

D 4341 -93

D 4373 - 84
D 4394 -84

D 4395 - 84

D 4403 - B4
D 4404 — B4
D 4405 - 93
[ 4406 — 83
D 4408 — 84
[ 4408 — 81
D 4410 —94
D 4411 - 93
[ 4412 - B4
D 4428/

D 4428M - 81
D 4425 - 93
[ 4430 — B4
D 4448 - 85a

D 4452 - BS
D 4454 ~ B5

D 44565 ~ 85
D 4476 - BS
D 4480 - 85

D 4489 - 85
D 4490 - 90

D 4506 — 80

4y o 5730

Test Meihod for (Fleld Procedures) for Instantaneous
Change In Head (Slug Tests) for Determining Hydraulic
Properties of Aquilers

Test Method (Field Procedure) for Withdrawal and {njection
Well Tests for Deterrmining Hydraulic Properties of Aquifer
Systems

Practice for Description of Frozen Soils {visual-Manual Pro-
cedure}

Test Method for Determination of Total Suspended Particu-
late Matter in the Atmosphere {High-Volume Sampler
Methog), (Vo! 11.03)

Test Method {Analytical Procedure for) Determining Trans-
missivity of Confined Nonleaky Agulfers by Qverdamped
well Response 1o instantaneous Change in Head (Slug
Test)

“Jest Method for {Analytical Procedure for) Determining
Transmissivity and Storage Coefficlent of Nonleaky Con-
fined Aquifers by the Medified Thels Nonequilibrium
Method

Test Method for {Analytical Procedure for) Determining
Transmissivity and Storativity of Nonleaky Cenfined Aqui-
fers by the Theis Nonequilibrium Meihod

Terminology Used with lon-Selective Electrodes (Vol 11.01)

Praclice for Preserving and Transporting Soll Samples

Test Method for Dispersive Characteristics of Clay Soil by
Doulile Hydromeier

Test Method of Measuring Humidity with Cooled-Surface
Condensation {Dew Point} Hygrometer (Vol 11.03)

Test Metnod for Liquid Limit, Plastic Limit, and Plasticity In-
dex of Scils

Test Method for Creep of Cyfindrical Hard Rock Core Speci-
mans in Uniaxial Compressian

Test Method for Calcium Carbonate Content of Soils

Test Method for Determining the In-Situ Modulus of Defor-
mation of Rock Mass Using the Rigid Plaie Loading
Method

Test Method for Determining the in-5itu Modulus of Defor-
mation of Rock Mass Using the Flexible Plate Loading
Methad

Practice for Extensometers Used in Rock

Test Method for Determination of the Fore Velume and Pore
Volume Distribution of Soil and Rock by Mercury Intrusion
Porosimetry

Jest Method for Creep of Cylindrical Soft Rock Core Speci-
mens in Uniaxial Compression

Test Method for Creep of Cylindrical Seoft Reck Core Speci-
mens in Triaxial Compression

Practice far Open Chamne! Flow Measurements by Acoustic
Means (Vol 11.01)

Test Method for Veloclty Measurement of Water in Open
Channels with Rotating Element Current Meters (Val
11.01)

Terminology of Fluvial Sediment {vo! 11.01)

Guide for Sampling Fluvial Sediment in Matlon (Val 11.02)

Test Methods for Sulfate-Reducing Bacteria in Water and
Water-Formed Deposits (Vol 11.02)

Test Method jor Crosshole Seismic Testing

Test Method for Bearing Ratic of Soils in Place

Practice for Determining the Operational Comparability of
Weleoralogical Measurement (Vol 11.03)

Guide for Sampling Groundwater Monitoring Wells (Vol
11.04)

Methods for X-Ray Radiography of Soil Samples

Test Method for Simultaneous Enumetation of Total Respir-
ing Bacteria in Aquatic Systems by Microscopy (Vol 11.02)

Test Method for Enumersation of Aguatic Bacteria by Epifiuo-
rescence Microscopy Counting Procedure (Vol 11.02)

Test Methods for Oxygen Uptake (Vol 11.02), (Microbial res-
piration)

Test Method for Measuring Surface Wing by Means of Wind
Vanes and Rotating Anemometers {Vol 11.03)

Praclices for Sampling Waterborme Olls (Vol 11.02)

Practice for Measuring the Concentration of Toxic Gases or
Vapors Using Detector Tubes {Vol 11.03)

Test Method for Determining the In-Situ Modulus of Defor-
mation of Rock Mass Using a Radial Jacking Test

D 4511 - 92
4515 -85
04525 -90
D 4531 — 86
D 4536 - 95
D 4542 - B5
D 4543 ~ 81

D 4544 — BB
D 4546 - 80

D 4547 - 81
[ 4553 - 90
D 4554 — 90

D 4565 ~ 80

D 4554 — BB
D 4581 — 86

D 4587 - 82
D 4598 - 87

D 4599 - 80

D 4623 - 86
D 4G30 - B6
D 4631 -86

D 4633 - B6
D 4638 - 86
D 4643 — 93
D 4545 — 87
D 4647 — 94
D 4646 - 94
D 4687 — 87
b 4696 - 92
D 4700 - 1
D 4719 -57
D 4729 - 87
D 4743 - 06
D 4750 — 67
D 4767 — BB
D 4793 - 03
D 482288
D 4823 - 95

D 4840 - 88

Test Method for Hydraulic Conductlvity of Essentially Satu-
rated Peat (Constant Head)

Practice for Estimation of Hoiding Time for Water Samples
Contalning Organic Censtituents (Voi 11.02)

Test Methad for Permeabllity of Rocks by Flowing Air

Test Method for Bulk Density of Peat and Peat Products

Test Method for High Volume Sampling for Solid Particulate
Matter and Defermination of Particulaie Emissions {Vel
11.03)

Test Method for Pare-Water Extraction and Determinaiion of
ihe Soluble Salt Content of Soils by Refractometer

Practice for Detenmining Dimensicnal and Shape Tolerances
of Reck Core Specimens

Practice for Estimating Peat Deposit Thickness

“est Methods for One-Dimensional Swell/Setilement Poten-
tial of Cohesive Scils

Practice for Sampling Waste and Soils for Valatlle Organics
(Val 11.04)

Test Method for Determining the In-Situ Creep Characteris-
tics of Rock

Test Method for In-Situ Determination of Direci Shear
Strength of Reck Discontinuities

Test Methad for Conducting an In-Situ Uniaxial Compressive
Test for Determining Deformability and Strength of Weak
Rock

Test Method for Density of Soll in Place by the Sleeve
Method (cohesionless, gravelly soils}

Guide for Measurement of Morphologic Characteristics of
Surface Water Bodies (Vol 11.02)

Practice for Sampling Werkplace Atmospheres to Collect
Organic Gases or Vapors with Activated Charcoal Diffu-
sional Samplers {Vol 11.03)

Practice for Sampling Workplace Atmespheres to Collect
Gases af Vapors with Liquid Sorbent Diffusiona! Samplers
{Vol 11.03)

Practice Tor Measuring the Concentration of Toxic Gases or
Vapors Using Length-cf-Stain Dosimeter (Vol 11.03) -

‘Test Method for Determination of In-Situ Stress in Rock
Mass by Overcoring Method—USEM Baorehole Deforma-
tlon Gage

Test Method for Determining Transmissivity and Storativity of
Lew Permeability Rocks by In-Situ Measurements Using
ihe Constant Head Injecticn Test

Test Method for Determining Transmisslvity and Storativity of
Low Permeability Rocks by In-Situ Measurements Using
the Pressure Pulse Technique

Test Methad for Stress Wave Energy Measurement for Dy-
namic Panetrometer Testing Systems

Guide far Preparation of Blolegica! Samples for Inorganic
Chemica) Analysis (Vo! 11.01)

Method for Determination of Water {(Moisture) Content of
Soll by the Microwave Oven Method

Tast Method for Determination of the in-Situ Stress in Rock
Using the Hydraulic Fracturing Methed '

Test Method for Identification and Classification of Disper-
slve Clay Scils by the Pinhole Test

Test Method for Laberatory Miniature Vane Shear Test for
Saluraied Fine-Grained Clayey Sall

Guide-for General Planning of Waste Sampling (Vol 11.04)

Guide for Pore-Llauid Sampiing from the Vadose Zone

Guide for Scil Sampling from the Vadose Zone

Tesl Method for Pressuremeter Testing in Soils

Test Mathod for In Sity Stress and Modulus of Deformation
Using the Flatjack Method

Terminclogy for Basic Statistics in Commitiee D-19 on Water
(val 11.01)

Test Method for Determining Subsurface Liquid Levels in a
Borehole cr Monitoring Well (Observaticn Well)

Test Method Tor Consolidated-Undrained Triaxial Compres-
sion Test on Cohesive Soils

Test Method for Sequential Bateh Extraction of Waste with
Water {Veol 11,04)

Gulde for Seiection of Methods of Particle Size Analysis of
Fluvial Sediments (Manual Methods) (Vel 11.02)

Guide for Cere-Sampling Submerged, Unconsolidated Sedl-
ments (Voi 11.02)

Guide for Sample Chain of Custody Procedure (Vo 11.01)
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Practice to Estimation of Holding Time for Water Samples
Containing Organic and Inorganic Constituents (Vol 11. 01}

Test Method for Determining the Resistance of Solld Wastes
o Freezing and Thawling {Val $1.04)

Test Method for Weiting and Drying Test of Soiid Waste {Vol
11.04) )

Guids for Ajr Monitoring at YWaste Management Facilities for
Waorker Protaction Vol 11.04)

Practice for Sampling and Analysis of Pesticides and Poly-
chlerinated Biphenyls in Indoor Atmospheres (Val 11.03)

Guide for Geotechnical Mapping of Large Underground
Openings in Rock

Test Method for Density of Soit and Rock In Place by the
Sand Replacement Method in a Test Pit, (soils with par-
ficles larger than 3 in. (76 mm))

Test Methed for Shrinkage Faciors of Soils by the Wax
Methed

Test Method for Field Determination of Water (Moisture)
Cantent of Sail by the Calcium Carbide Gas Pressure
Tester Mathod

Test Method for Determination of Water (Maisture) Content
of Soil by Direct Heating Method

Test Method for Determining the In-Situ Modulus of Defor-
mation of Rock Using the Dtameincal[y Loaded 76-mm
{3-in.) Borehoie Jack

Test Method for pH of Soils

Test Method for Screening of Reactive Sulfide in Waste (Vol
11.04)

Test Method for Physical Descriptien Screening Analysis in
Waste (Vol 11.04)

Test Method for Screening of pH in Waste (val 1. 04)

Test Method for Screening of Oxidizers in Wasie (Vol 11.04)

Test Method for Flammabilily Potential Screening Analysis of
Waste (Vol 11.04)

Guide for Preparation of Materials Used for the Collection
and Preservation of Atmospheric Wet Deposition (val
11.03}

Praciices for Sampling Wastes from Pipes and Other Point
Discharges {Vol 11.04)

Test Method for Density of Soil and Rock in Place by the
Water Replacemant Method in a Test P&

Test Mathod for Screening of Cyanides in Waste (vol 11.04)

Test Method for Screening of Apparent Specific Gravity and
Bulk Density of Waste (Vol 11.04)

Test Methods for Compatibility Sereening Analysis of Waste
{Vol 11.04}

Practice for Depth Measurement of Surface Water (Vol
11.02)

Test Method for Velocity Measurements of Water in Open
Channels with Electromagnetic Current Meters (Val 11.01)

Practices for Preserving and Transporting Rock Core
Samples

Test Methad for Rapid Determination of Percent Compaction

Test Method for Hydraulic Caonductivity of Saturated Porous
Materials Using a Flexible Wall Permeameter (low parrme-
ability materials <1 X 10°% cm/s)

Practice for Decortamination of Field Equipment Used at
NonRadicactive Waste Sites

Recommended Practice for Design and Installation of
Ground Water Monitoring Wells in Aquifers

Test Method for Field Measurement of Infiltration Rate Using
a Daubie-Ring Infiltrometer with a Sealed-Inner Ring

Test Method for Determining the Performance of a Cup An-
emometer or Propeller Anemometer (Val 11.03}

Guide for Choosing Locations and Sampling Methods to
Manitor Aimospheric Deposition at Non-Urban Locations
(Vol 11.03)

Guide for Comparison of Field Methods for Determining Hy-
draulic Conductivity in the Vadose Zone (saturated:
single-/double-ring infilirometer, double-tube, air-antry per-
meameter, borehcle permeameter (constant head-
barehole infilttration, Guelph permeameter), empirical; un-
saturated: instantaneous profile, crust, empirical)

Test Method for Open Channel Flow Measurement of Water
Indirectly by Using Width Contractions (val 11.01)

Test Msthad for Open Channel Flow Measurement of Water
indirectly by Slope-Area Msthod (Vol 11.01)
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D 5254 — 92

D 5269 - 92

D 5270 - 82

D 5283 -92

D 5284 — 93

D 5298 - 94

D 5200 - 92
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D 531492
D 5334 -82

D 5335 - 62
D 5337 .92
D 5358 -93

b 5366 - 96

D 5368 - 83

D 5369 - 93
[ 5387 -93
D 5388 - 93
D 5389 -93
D 5390 -93

D 5407 - 93

D 5408 - 93
D 5409 - 93
D 5410-23
D 5413 -93

D 5434 - 93

Test Methed for Analysis of Nitrearomatic -and. Nltramine Ex-
plosive in Sail by H|gh Performance L|qU|d Chrnmatogra-
phy :

Test Method for Determination of Denstty of Soll and Rock
In-Place at Depths Below the Surface by Nuclear Methods
{gamma-gamma, >12 in. {305 mm))

Test Method for Water Content of Soil-and-Rock In-Place by
the Neutron Depti Probe Methed

Test Method for Determining the Stability and Miscibility of a
Sclid, Semi-Sclid, or Liquid Waste Material. (Vo 11,04)

Test Method-for Single Batch Extraction Methads for Wastes
(Vol 11.04)

Practice for Micro-Extraction of Water for the Analysis of
Velatile and Semi-Volatile Organic Compounds in Water
{Vol 11.02)

Test Methed for Open- Channel Flow Measurement of Water
Indirectly at Cutverts (Vol 11.01)

Test Methed for Open Channel Flow Measuremants of Wa-
ter Indirgctly at Gulverts (Vol 11.01)

" Test Msthed for Diagnostic Soil Test for Plant Growth and

Food Chain Protection

Practice for the Minimum Set of Data Elements to Identify a
Ground Water Site

Test Method for (Analytical Procedure) Determining Trans-
missivity of Non-Leaky Confined Aquifers by the Theis Re-
cavery Method

“Test Method:for {Analytical F'rocedure) Determining. Trans-

missivity and Storage Goefiisient of Bounded Nuﬂleaky
Corfined Aguifers :

Practice for Generation: of Enwronmental Data Related to
Waste Management Activities: Quality Assurance and
Quality Control Planning and Implementation {Vo! 11 04)

Test Method for Sequential Bateh Extraction of Waste with - -

Acidic Exiraction Fluid {Vol 11.04)
Test Method for Measurement of Soil Potentla {Suctlon) Us- ..
ing Filter Paper '
Gulide for the Decammissioning of Ground Water Wells, va-

dose Zone Monitoring Devices, Boreholes and-Other De-- .. ..

vices for Environmental Activities

Test Method for Load Contralied Cyelic Triaxial Strangth of
Sail

Guide for Soil Gas Monitoring in the Vadose Zone

Test Method for Determination of Thermal Conductivity of
Soil and Rock by Thermal Needle Probe Procedure

Test Method for Linear Cosfficiant of Thermal Expansion of -

Rock Using Bonded Electric Resistance Strain Gages

“Practice for Flow Rate for Calibration of Personal Sampling

Pumps (Vol 11.03)

-« Practice for Sampling with-a Dlpper or Pond Sampler {Vol

11.04)

- Test Method for. Determlning the Dynamxc Performance of a

wind Vane (Vel 11.03)

Test Methed for the Gravimetric Determination of Total Sol- - -

vent Extractable- Content {T SEC) af Sotld Waste Samples
(Vol 11.04) - . S

Test Method for the Exfraction of Snlld Waste Samples far
Chemical Analysis Using Soxnlat Exiraction (Vol 11:04)

Guide for Elements of a Complete Data Set for Non—
Cohesive Sediments (Vo!-11.02) .. i

Test Method for Measurement. of Dlscharge by Step-
Backwater Method {Vol 11.01) B

Test Method. far Open. Channet. Flow Measurernent by . ..
Acoustic Velocity Meter Systems. (Val 11.02)

Test Method for Open Channe! Flow Measurement of Water
with Palmer-Bowlus Flumes (Vol 14,02}

Test Method for Elastic Moduli of Undrained Intact Rock
Cere Speciméns in Triaxial Compresslun Without Pare
Pressure Measurement - .

Guide for the Set of Data Elements to Descrlbe a Gruund-
Water Site, Part 1—Additional !dentification Descriptors -

Guide for the Set of Data Elements to Describe a Ground-
Wafer Site, Part 2—Physical Dascrintors

Guide for the Set of Data Elements to Describe a Graung-
Water Site, Part 3—Usage Descriptors

Test Methods for Measurement aof Water Levels in Opan-
Water Bodies {Vol 11.01) -

Guide for Field Logging of Subsurface Explorations of Soil
and Rock
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Guide for Application of a Ground-Water Flow Model to a
Site Specific Problem

Practice for Sampling Using a Trier Sampler (Vol 11.04)

Fest Method for On-Line Measurement of Low Level Dis-
solved Oxygen in Water {Vol 11.01)

Guide jor the Use of Test Kits to Measure Inorganic Con-
siituents in Water (Val 11.02)

Test Methods for pH Measurement of Water of Low Candue-
tivity {(Vol 11.01)

Praciices for Couniing, Calculating, and Reporting Micrablal
Colonies in Water {Vol 11.02)

Test Methods for the Determination of Volatile Organic
Chemicals in Atmospheres (Canisier Samgpling Methodol-
ogy) (Vol 11.03)

Test Method for Determining Specific Capagity and Estimat-
ing Transmissivity at the Contral Well

Test Method {Analytical Procedurs) for Analyzing the Effects
of Partial Penetration of Conirol Well and Determining the
Horizontal and Vertical Hydraulic Conductivity in a Non-
leaky Aquifer

Guide for Selection of Data Elements for Ground-Water In-
vestigations

Gulde for Comparing Ground-Water Flow Mode| Simulations
to Site-Specific Information

Practice for Sampling with 2 Cormposite Liguid Waste Sam-
pler (COLIWASA) (Vol 11.04)

Guide for Acquisition of File Aeria! Photography and imagery
for Establishing Historic Site-Use ang Suificial Conditions

‘Test Method for Laboratory Determination of Creep Proper-
ties of Frozen Sail Samples by Uniaxial Compression

Guide for Development of Ground-Water Monitering Wells in
Granular Aguifers

Specification for Minimum Requirements for Laboratories
Engaged in Chemical Analysis of Scil, Rock and Can-
tained Fluid

Practice for Measuring Surface Wind and/or Temperature by
Acoustic Means (Vo! 11.03)

Practice for Flow Control and Temperature Cantrol for On-
Line Water Sampling and Analysis {Vol 11.01)

Practice for Developing a Stage-Discharge Relation for
Open Channel Flow (Vol 11.01)

Test Methods for Low Level Dissolved Oxygen in Water (Vol
19.01) ’

Guide for Reporting Geostatistical Stte Investigations

Test Method for Speciiic Gravity of Suils Sclids by Gas Pyc-
nometer

Test Method for Perferming Laboratory Direct Shear
Strength Tests of Rock Specimens under Constant Normal
Force ’

Standard Practice for the Decontamination of Field Equip-
ment Used at Low Level Radloactive Waste Siles

Guide for Defining Boundary Cenditions in, Ground-Water
Flow Maodeling

Guide for Defining Initiai Conditions In Ground-Water Flow
Modsling

Guide for Conducting a Sensitivity Analysis for a Ground-
Water Flow Model Application

Gulde for the Quality Planning and Field Implementation of a
Water Quality Measurement Program {vol 11.01)

Test Method for Open Channel Measurements of Time of
Travel Using Dye Tracers (Vol 11.62)

Test Method for Open Channel Flow Measurement of Water
with Broad-Crested Weirs (Vol 11.02)

Practice for Sampling with & Scoop (Vaol 11.04)

Practice for Sampiing Unconsalidated Waste from Trucks
(Vo! 11.04)

Guide for Selection of Welrs and Flumes far Open Channel
Flow Measurement of Water {Vol 11.02)

Guide for Qperations of a Gaging Stailon (Vol 11.02)

Practice for Sampling Consolidated Solids in Prums or Simi-
lar Containers (Vol 11.04)

Practice for Sampling Unconsalidated Solids in Drums or
Similar Containers (Vol 11.04)

Terminology for Waste and Waste Management {Vol 11.04)

Terminaiogy for Sampiing and Monitoring of Waste (Vol
11.04)

Terminology for Characterization of Waste (Vol 11.04)

Specification for Digital Geospatial Metadata
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Test Method for Estimating the Degree of Humification of
Peat and Cther Crganis Soils [Visual/Manual Method)
Test Method to Measure the Rate of Well Discharge by Cir-

cular Orifice Weir

Guide for the Design of Ground-Waler Menitaring Systems
in Karst and Fractured-Rock Aguifers

Guide for Cocumenting a Ground-Water Fiow Model Applica-
tlon

Guide to Simulation of Subsurface Air Flow Using Ground-
Waler Flow Modeling Codes

Practice for Static Calibration of Eiectrenic Transducer-
Based Pressure Messurements Systerns for Geotechnical
Purposes

Test Method for Determination of the Point Load Strength
Index of Rock

Guide to Methods for Measuring Well Discharge

Guide for Displaying the Resulis of Chemical Analyses of
Ground Water for Major ions and Trace Elements—
Diagrams for Single Analyses

Praciice for Characterizing Surface Wind Using a Wind Vane
and Retating Anemometer (Val 11.03)

Practice for Sampling Single cr Multiiayered Liquids, With or
Without Salids in Drums cr Similar Containers (Vo! 11.04)

Guide for Developing and Impiementing Short-Term Mea-
sures or Early Actions for Siie Remediation (Vol 11.04)

Classification of Environmantal Condition of Property Area
Types (Vol 11.04)

Guide for Planning and Cenducting Borehole Geophysical
Logging

Guide for Clsplaying the Results of Chemical Analyses of
Ground Water for Major lons and Trace Elemen{s—
Trilnear and Other Multi-Coordinate Diagrams

Guide for Characterizaiion of Coz! Fly Ash and Clean Coal
Combustion Fly Ash for Potenilal Use (Vol 11.04)

Practice for Solvent Extraction of Toial Petroleum Hydrocar-
bons from Solls and Sediments Using Closed Vesse| Mi-
crowave Heating (Vol 11.01)

Guide for Using the Seismic Refraction Methed for Subsur-
face Investigations .

Test Method for Performing Electric Friction Cone and Pl-
ezooone Penetration Testing of Solls

Guide for Use of Dual-wWali Reverse-Circulaiion Drilling for
Geoanvironmental Exploration and Instaliation of Subsur-
{ace Water-Quality Monitoring Devices .

Guide for Use of Direct Air-Rotary Drilling for Geoenviron- -
mental Expleration and Instaliation of Subsurface Water-
Quality Moniioring Devices

Gulde for Use of Direct Rotary Driliing with Water-Based
Drilling Fluid for Geoenvironmental Exploration and Instal-
lation of Subsuriace Water-Quality Monitoring Devices

Guide for Use of Hollow-Stem Augers for Geoenvirohmental
Exploration and installation of Subsurface Water-Quality
Monitoring Devices

Tesl Method {Analyfical Procedure) for Determining Trans-
missivity of Confined Nonleaky Aquifers by Under-Damped
Well Response to instantaneous Change in Head {Slug
Test)

Practice {Field Procedure) for Constant Drawdown Tests in
Flowing Wells for Determining Hydraulic Properties of
Aquifer Systems

Practice for Monitoring Well Pretection

Practice for Writing Quality Contrel Specifications for Stan-
dard Test Methods for Organic Constituents (Vol 11.01)

Guide for Using Probability Sampling Methods in Studies of
Indaoor Air Quallty of Buiidings (Vol 11.03)

Practice for Generaticn of Environmential Data Related to
Waste Management Activities: Development of Data Qual-
ity Objectives (Vbl 11.04)

Guide for Preparing a Training Pregram for Environmental
Analytical Leboratories (Vol 11.04)

Test Methad for Screening Fuels In Soils {Vel 11.04)

Practice for Sampling Siationary Source Emissicns jor the
Automated Determination of Gas Concentraiions (Vol
11.03)

Test Method for (Analytical Procedure) for Determining
Transmigsivity, Storage Coefficient, and Anisotropy Ratio
from a Metwork of Partially Penetrating Wells
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Guide for Planning and Implementing a Water Monitaring
Program (Vo 11.02)

Test Method for Eradibility Determination of Sail in the Field
or In the L.aboratory by the Jet Index Method

Test Method for (Analytical Prosedure) for Determining
Transmissivity and Starage Coefficient of a Canfined Non-
leaky or Leaky Aquifer by the Constant Drawdown Method
in a Flowing Well

Test Method for Measurement of Hydraulic Conductivity of
Porous Material Using a Rigid-Wall, Compaction-Mold
Permeamster

Guide for Use of Casing Advancement Drilling Methods for
Geoenvironmental Exploration and Instaliation of Subsur-
face Water-Quality Monitoring Devices

Test Method for Determination of Rock Hardness by the Re-
bound Hammer Msthad

Test Method for Determination of the tmpact Value {1V} of a
Soil

Guide for Use of Cable-Tool Drilling and Sampling Methods
for Geoenvironmental Exploration and Installation of Sub-
surface Water-Quality Monitoring Davices

Gulide for Use of Direct Rotary Wireline Gasing Advance-
ment Drilling Methods for Gevenviranmenta! Exploration

- and Installation of Subsurface Water-Quality Monitoring

Davices .

Guide for Displaying the Results of Ghemical Analyses of
Ground Water for Major lons and Trace Elernents—
Diagrams Based on Data Analytical Caiculations

Guide for Using Rock-Mass Classification Systems for Engi-
neeting Purposes

Praclice for Surface Site Characterization for On-Site Sepiic
Syslems

Guide for Subsurface Flow and Transport Madeling

Test Method (Analytical Procedure) for Determining Trans-
missivity of Confined Nonleaky Aquifers by Critically
Dampred Wall Response to [nstantaneous Change in Head
{Slug Test)

Guikle for Planning and Preparing far a Ground-Water Sam-
piing Event

Specification for Substitute Wastewater (val 11.01)

Test Methed for Filterable and Nan-Filterable Matter in Water
(Vol 11.01)

Guide for Measuring Herizontal Positioning During Measure-
ments of Surface Water Dapths {Vol 11.01)

Practice for a Minimum Set of Data Elements to Describe a
Soil Sampling Site

Test Mathod (Analytical Procedure) for Determining Hydrau-
lic Conductivity of an Unconfined Aquifer by Overdamped
Well Response to Instantaneous Change in Head (Slug
Test)

Test Methods for Frost Heave and Thaw Weakening Sus-
ceptibility of Sofls

Test Method {Analytical Procedure) for Tests of Anisotropic
Unconfined Aquifers by the Neuman Method

Practice for Subsurface Site Characterization of Test Piis for
On-Site Septic Systems

Guide for Analysis of Spatial Variation in Geostatistical Siie
Investigations

Guide for the Selection of Kriging Methods in Geostatistical
Site Investigations .

Guide for the Selection of Simuwation Approaches in Geo-
statistical Site Investigations

Practice for Preliminary Sizing and Delineation of Soit Ab-
sorption Field Areas for On-Site Septic Systems

Test Method for the Screening of Waste for Radipactivity
{Vol 11.04)

Guide for Sampling Strategies for Heterogeneous Wastes
(ol 11.04)

Guide for Maintenance and Rehabiiitation of Ground Water
Manitoring Wells

Guide for Conceptualization and Characterization of Ground
Water Flow Systems

Guide for Selection and Documentation of Existing Wells for
Use in Environmental Site Characterization and Monitoring

Guide for Calibraiing & Ground-Water Flow Model Applica-
tion

Guide for Environmental Site Characterization in Cold Re-
gions
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Guide for the Preseniation of Water-Level Information From
Ground Water Sltes )

Guide for Direct Push Waler Sampling for Gecenvircnmental
Investigaticns

Practice for Conducting En\nmnmental Baselire Surveys
{Vol 11.04)

Guide for Sampling Waste Piles (Vol 11.04)

Guide for Daveloping and Evaluating Ground-Water Model-
ing Codes

Practice for Using Significant Digits in Caiculating:and Re-
porting Geotechnical Test Data

Practice for Calibrating Linsar Displacement Transducers for '
Geoteschnical Purpeses

Test Method (Analytical 'Procedure) for Determining Hydrau-
lic Propertias of a. Confined Aguifer Taking Into Consider-
ation Storage of Water in Leaky Conﬁnmg Beds by the
Madified Hantush Method .

Guide to Sslection of Methods for Assessing Ground Water
or Aguifer Sensitivity-and Yulnerability

Test Method for Logging In Situ Moisture Content-and Den—
sity of Soil and Rack by the Nuclear Methud in Herizontal,
Slanted and Vertical Tubes

Test Method for Determining Rock Qualﬁy Destgnatlun
{RDQ) of Rock Core

Guide for Describing the Functionality of a Gmund—Water
Modeiing Code - :

Test Method (Analytical Precedure) for Deterrmmng the Effi-
ciency of a Production Well in. A Conﬁned Aqurfer From a
GConstant Rate' Pumping Test - e

Test Method for Determining the Effect of Freeze-Thaw on
the Hydraulic Conductivity of Compacted or Undisturbed
Boil Specimens Using a Flexible Wall Permeameter

Guide for Dispiaying the Results of Chemical Analyses of
Ground Water for Major lons and Trece Elements=Use of
Maps

Guide for Represantative Sampling and Management of
Waste and Contaminated Media (Vol 11.04)

Guide for Compasite: Sampling :and Field Subsampiing Far. -.
Envirenmental Wasts Management Activities (Vol 11.04)

Guide for Sampling of Drums: and Similar Containers: By
Fleld Personnel (Voi 11.04) ’

Praciice for Defermining the Normalized Penetraticn Resis-
tance of Sand for Liquefaction Potential Evaluation

Gide for Using the Elecironic Cone Penetrometer for Ersw
ronmental Site Characterization + - - —-

Practice for Probability Sampling of Materlals {Vols G? 02
and 14.02)

Terminclogy Relating to Radiation Measurernents and Do-
simetry (Vol 12.02) ' =

Practice for Use of the Terms Premsmn and Elas in AS‘l’M
Test Methods (Vol-14.02)

Practice for Dealing with Outlying Dbservatlons (Vo 14 02)

General Msthods for Detectar Callbraton and Analy5|s of
Radionuclides (Vol-12.02) * -

Test Method of Maasuring Humu:hty w1th a Psychrometsr o
{the Measuremsnt of Wet- and Dry—Elth Temperatures)
{Vel 11.03) - -

Pracilce for Use of International System of Unit (81) (Mod-
ernized Metric System) (Vol 14.02; excerpts:included in-all. -~ -
ASTM volumes) - -

* Praciice for Evaluaticn of Technical Data (Vol-14:02) [Fo-

cusses an.product liability matters]

" Test Meihod for Calitiration of’Secundary Referehce Pyrheli-

ometers and Pyrheliometers for Fisld Use (Vol 11.03)

Test Method for Transfer of Calibration from Reference-io
Field Pyranometers (ol 11.03)

Practice for Sampling Alrbome Microorgahisms at Municial
Solid Waste Processing Facilities {Vol 11.04)

Method far Calibration of Reference Pyranometers with Axis
Vertical by the Shading Method (Vol 12.02)

Test Method for Calibration of Reference Pyranometers with
Axis Tilted by the Shading Method (Va! 12,02}

Test Method-for Determining the Bulk Density of Solid Waste - = -

Fractions (Vol 11.04)

Guide for Radiation Protection Programs for Decommission-
ing Operations {Vol 12.02)

Praciice for Collection. and Preservation of Infarmation and -
Physical ltems by a Technical Investigator (Vol 14.02)



.t

E 1287 -89

E1370-20

E 1381 -80
E 1430 - 81

E 1526 -93

E 1527 - 94
E 1528-93
E 1553 - 93
E 1600 -94
E 1688 ~ 95
E 1738 -85

F 480 - 91

F 488 -85
F625-79
F 1084 - 80

G51-92
G&7-78

E5 40

PS3-85

PS 11 -85
PS12-95
PS14-95
PS5 26 - 96

PS47-95

PS5 6496

PS8 B5-96
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Guide for Aseptic Sampling of Biological Materials (Vol
11.04}

Guide to Air Sampling Strategies for Warker and Workplace
Protection (Vaol 11.03)

Guide for Collection, Siorage, Characterization, and Manipu-
lation of Sediments for Toxicological Testing (Vol 11.04)

Guide for Using Release Detection Devices with Unoer-
ground Stovage Tanks (Vol 11.04)

Practice for Evaluating the Performance cf Release Detec-
tion Systems for Underaround Storage Tank Systems (Vol
11.04)

Practice for Envirenmentzl Site Assessments: Phase 1 As-
sessment Process (Vol 11.04)

Practice for Environmental Site Assessment Transaction
Screen Process (Vol 11.04)

Practice for the Collection of Airborne Particulate Lead Dur-
ing Abatement and Gonstruction Activities (Vol 04.07)

Guide for Development and lmplemeniation of a Pollution
Pravention Program (Val 11.04)

Guide for Developing Conceptual Site Models for Contami-
nated Sites (Vo! 11,05}

Guide for Risk-Based Corrective Actlon Applied at Petroleum
Release Sites (Vol 11.04)

Specifications for Thermoplastic Water Wel: Casing Pipe and
Couplings Made in Standard Dimension Ratios (SDR)
SCH 40 and SCH 80 (Val 08.04)

Test Method for On-Site Screening Heterotrophic Bacteria in
Water (Vo! 11.02)

Practice for Describing of Environmental Conditions Rel-
evant to Spill Control Systems (Vol 11.04)

Guide for Sampling Qil/Water Mixtures for Oit Spill Recovery
Equipment {vo! 11.04)

Test Method for pH of Scll for Use in Corrasion Testing

Method for Field Measurement of Soil Resistivity Using the
Wenner Four-Electrode Method

Practice for Procedures for the Assessment of Buried Steel
Tanks Prior to the Additions of Cathodic Protection (Vol
11.04)

Guide for Acceleraled Site Characterization for Confirmed or
Suspecied Peiroleum Releases (Vol 11.04)

Practice for Environmental Regulatory Gompliance Audits
(Vol 11.04}

Guide for the Study and Evaluation of an Organizailon’s En-
vironmental Management Systems (Vol 11.04)

Practice for Lifecycle Costing for Follution Prevention (Vol
11.04) .

Guide for Deveiopment and Implementation of a Source Re-
duction Program (Vol 11.04)

Test Method for Screening, Qualification; and Characteriza-
tion of Total Pelychiorinated Biphenyls by Room Tempera-
ture Phosphorescence (Vol 11.02)

Guide for Developing Appropriate Statistical Approaches for
Ground-Water Detection Monitoring Programs

Guide for Expedited Site Characterization of Hazardous
Waste Contaminated Sites

¥1.5 ASTM Stendords—Indexed in Table X1.2 (In Vol
11.05, unless otherwise specified):*®

D 3731 -87
D 3976 ~ BD

D 4131 -84
D 4132 -82
D 4133 - 82
D 4134 - 82

Praciice for Measurement of Chlorophyll Content of Aigae in
Surface Waters

Practice for Algal Growlh Potentlal Testing with Selenastrum
Capricornutum

Practice for Sampling Fish with Rolenone

Practice for Sampiing Phytoplankion with Conical Tow Nets

Practice for Sampling Phytoplaniion with Pumps

Practice for Sampling Phytoplankton with a Clark-Bumpus
Plankton Sampler

56 pripr to 1995 ASTM standards on biological effects and environmental fafe
were published in Volume 11.04. Beginning in 1995 that volume was divided into
two separate volumes: {F) Volume 11.04 (Envivonmental Assessment; Hazardous
Substances and il Spil! Response; Wasie Management) and (2) Volume 11.05
(Biologica! Effects and Environmental Fate; Biotechnology: Pesticides).

D 413582
D 4136 - 82

D 4137 - 82
D 4148 - B2

D 4449 — B2
D 4211 - 82
D 4319 - 93
D 4342 — 84
D 4343 — B4
D 4344 — 84
D 4345 - 84
D 4346 — B4
D 4347 — B4

D 4348 - 84

D 4387 - 87

D 4401 - B4
D 4407 - 84
D 4556 — 85
D 4557 — B5
D 4558 — 85
D 4646 — 87
D 4874 - 95
D 5285 - 92

D 5660 - 95
E 724 - 94

E 729 - 88a
E B57 — 87
EBS5-- B9

E 896 - 82
E 843 -85

E978~92

E 1022 -94
E 1023 -84
E 1062 - 86
E 1147 - 92

E 1148 — 87
E 1191 -90

E 1192 - 88
E 1193 -84

E 1184 - 87

Practice for Sampling Phyioplankton with Depth-Integrating
Samplers

Practice for Sampling Phytoplankton with Water-Sampling
Botlles

Practice for Preserving Phytoplanktan Samples

Test Meathed for Analysis of Phytoplankicn in Surface Water
by the Sedgwick-Rafter Method

Classification for Sampling Phvtoplankten in Surface Waters

Classification for Fish Sampling

Test Method for Distribution Ratlos by the Short-Term Batch
Methad (Vol 04.08)

Practice for Collecting Benthic Macroinvertebrates with the
Paonar Gralx Sampler

Practice for Callecting Benthlc Macroinvertebrates with the
Ekman Grab Sampler

Praciice for Coliecting Benthic Macroinvertebrates with the
Smith-Melniyre Grab Sampler

Practice for Collecting Benthic Macroinvertebrates with the
Van Veen Grab Sampler

Practice for Collecting Benthic Macroinvertebrates with the
Okean 50 Grab Sampler

Pracilce for Collecting Benthic Macroinvertebrates with the
Shipek (Scocp) Grab Sampler

Practice for Collecting Benthic Macroinvertebrates with the
Holme (Scoop) Grab Sampler :

Gulde for Selecting Sampling Devices for Colisction Benthic
Macroinvertebrates

Practice for Coliecling Benthic Macroinveriebrates with the
Peterscn Grab Sampler

Practice for Collecting Benthic Macroinveriebrates with the
Drange Pee! Grab Sampler

Guide for Selacting Stream-Net Sampling Devices for Col
lecting Benthic Macrolnvertebrates

Practice for Coliacling Benthic Macroinveriebraies with
Surber and Related Type Samplers

Practice for Collecting Benthic Macroinveriebrates with Drift
Nets

Test Methed for 24-Hour Batch Type Measurement of Ceon-
taminant Scrpticn by Solls and Sediments

Test Method for Leaching Solid Material Wastes in a Gol-
umn Apparatus (Vol 11.04)

Test Method for 24-Hour Bateh-Type Measuremenis of Vola-
tile Qrganic Sorption by Scils and Sediment

Test Method for Assessing the Microbial Detoxification of
Chemically Contaminated Water and Seils Using 2 Toxic-
ity Test with a Luminescent Marine Bacterium (Vol 11.04}

Guide for Conducting Static Acute Toxicity Tests Starting
with Embryos of Four Species of Saltwater Bivalve Mal-
usks

Guide for Conducting Acute Toxiciy Tests on Test Materials
with Fishes, Macroinvertebrates, and Amphibians

Practice for Conducting Substrate Dietary Toxiclty Tests with
Avian Species

Practice for Datermination of Hydrolysis Rate Constants of -
Organic Chemicals in Agueous Solutions

Test Methad for Conducting Agueous Direct Photolysis Tests

Terminolpgy Relating to Biological Effects and Environmen-
tal Fale

Practlos for Evaiuating Environmenia! Fate Models of
Chemicals

Practice for Conducting Bloconcentration Tests with Fishes
and Saltwater Bivalve Mollusks

Guide for Assessing the Hazard of a Material 1o Aquatic Or-
ganisms and Their Uses

Fractice for Conducting Reproductive Studies with Avian
Species

Test Method for Partition Coefficient {N-Octanol/Water) Esti-
mation by Liquid Chromatography

Tast Method for Measuremernits of Aqueous Sclubiity

Gulde for Conducting Life-Cycle Toxicity Tesis with Saltwater
Mysids

Guide for Conducting Acute Toxicity Tests on Aquenus Effiu-
ents with Fishes, Macroinveriebrates, and Amphibians

Guide for Conducting Renewal Life-Cycle Toxicity Tests with
Daphnia magna

Test Method for Vapor Pressire
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E 1195 — 87 Test Method for Sorption Constant (Koc) far Organic Chemi-
cals in Soll and Sediments

E 1196 - 92 Test Method for Deiermining the Anaerobic Blodegradation
Potential of Organic Chemicals )

E 1187 - 87 Guide for Conduciing a Terrestrial Soil-Core Microcosm Test

E 1198 - 87 Practice for Sampling Zooplankton with Pumps

E 1198 - 87 Practice for Sampling Zooplankton with Clarke-Pumpus
Pianiton Sampler

E 1200 - 87 Practice for Preserving Zooplankion Samples

E 1201 -87 Practice for Sampling Zooplankton with Conical Tow Nats

E 1218 -80 Guide for Conducting Static 96-h Toxicity Tests with Microal-
gae

E 124192 Guide to Conducting Early Life-Stage Toxicity Tests with
Fishes

E 1242 — 88 Praciice for Using Octanol-YWater Partition Coefficient to Es-
timate Median Lethal Conceniration far Fish Due to Nar-
cosis

E 1278 — 88 Guide for Radicactive Pathway Methodology for Release of
Site Following Decommissioning (Val 12.02)

E 1279 -89 Test Methad for Biodegradation by a Shake-Flask Dlie-fway
Mathed (Vol 11.02)

E 1295 - 89 Guide jor Conducting Three-Brood Renewal Toxlcaty Tests

) with Ceriodaphnia dubia

E 1365 —90 Guide for Canducting Static Acute Aquiatic Toxicity Screen-
ing Tests with the Mosquito Wyoemyia smithii (Coquillett)
{Discontinued; 1994)

E 1366 - 91 Practice for Standardized Aquatic Microcosm: Fresh Water
E 1367 -92 Guide for Condueting 10-Day Static Sediment Toxicity Tests
- with Marine and Estuarine Amphipods
E 1383 - 94a Guide for Conducting Sediment Toxicity Tests with Freshwa-

ter Invertebrates (Withdrawn 1996)
E 1391 —94 Guide for Callection, Storage, Characterization, and Manipu-
lation of Sediments for Texicological Testing
E 141581 Gulide for Conducting Static Toxicity Tests with Lemna Gibba
’ G3
£ 1440 - 91 Guide for Acute Toxicity Test with the Rotifer Brachionus
E 1463 - 92 Guide for Conducting Static and Flow-Through Acute Toxic-

ity Tests with Mysids from the West Coast of the United
States

E 1468 — 82 Practice for Gollecting. Benthic Macroinveriebrates with the
Basket Sampier

E 1469 - 92 Pragtice for Collecting Benthic ‘Macroinveriebrates with
Multiple-Plate Samplers

E 1498 — 92 Guide for Conducting Sexual Repreduction Test with Sea-
weeds

E 1525 —~94a Guide-for Designing Biological Tests With Sediments (vl
11,65)

E 1562 — 94 Guide for Conducting Acute, Chronic and Lifecycle Aquatic
Toxicity Tests with Polychateous Annelids (Vol 11.04)

E 1563 - 95 Guide for Conducting Static Acute. Toxicity Tests with Echi-
noid Embroys

E 1604 — 94 Guide for Behavicral Testing-in-Aquatic Toxicology

E 1624 — 94 Guide for Chemical Fate in SIt&Schxf‘c Sediment/Water
Mictocosms

E 1625 - 54 Test Method fer Datermining Bicdegradanbility of Organic
Chemicais In Semi-Confinuous Activaied Sludge (SCAS)

E 1676 -96 Guide for Conducting a Laboratory Scil Toxicity Test with
Lumbricid Earthworm £i Senie Fostida

E 1688 — 95 Guide for Determination of. the Bloaccumulation of -
Sediment-Asscciated Gontaminants by Benthic Inverte-
brates

E 1706 — 95a Test Methads for-Measuring-the Toxicity of Sediment- .
Associated Contaminates with' Fresh Water invertebrates

E 1711 -85 Guide for the. Measurement-of Behavior During- Fish Toxicity
Tests

E1720-85 Test Method for Determining Ready, Ultimate Blodegradabi-.
ity of Organic Chermicals in .a Sealed Vesset.GO,-
Production Test - )

E1733-95 Guide for the Use.of Lighting. in Laboratery Testing. -

E 1768 — g5 Guide for Ventilatory Behavioral Toxicolegy Testlng of Fresh-
water Fish ..

P235-93 Test Method for F| uorometrlc Deterrninaﬂon of Toximty

Induced Enzymatic Inhibition.in Daphnia. magna...

X2. MAJOR NON-ASTM REFERENCES ON ENVIRONMENTAL SITE CHARACTERIZATION - o_ -~

X2.1 General Applications:

Boulding, J. R., Subsurface Field Characterization and
Monitoring Technigues: A Desk Reference Guide, Volume I
Solids and Ground Water, Volume H; The Vadose Zone, Field
Screening and Analytical Methods , EPA/625/R-93/003a and b,
199357

Boulding, J. R., Practical Handbook of Soil, Vadose Zone,
and Ground Water Contamination: Assessment, Prevention
and Remediation , Lewis Publishers, Boca Raton, FL, 1995,

Brown, E. T. (ed), Rock Characterization Testing and
Monitoring: ISRM Suggested Methods, Pergamon Press, Ox-
ford, 1981.

Brown, R H. Konoplyautsev A. A, Ineson, 1., and Kov-
alensky, V. 8., “Ground Water Studies: An Intematlonal Guide

- for Research and Practice,” Studies and Reports in Hydrology
No. 7, UNESCO, Paris. Originally published in 1972, with
supplements added in 1973, 1975, 1977, and 1983.

CCME, Guidance Manual on Sampling, Analysis, and Data
Management for Contaminated Sites, Vol. I: Main Report, Vol,
II: Analytical Method Summaries, CCME EPC-NCS62E and
CCME EPC-NCS66E, Canadian Council of Ministers of the

7 Available from ORD Publications, U.S. EPA Center for Environmental
Research Information, P.O. Box 19963, Cincinnati, OH 45268.
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Environment, 326 Broadway,; Suite 400, Winnipeg, Manitoba
R3C 085, 1993.

CCME, Subswface Assessment Handbook Jor C’onfammated o

Sites, CCME EPC-NCSRP-48E, Canadian Council .of Minis-

ters of the Environment, 326 Broadway, Suite 400, Winnipeg, -

Manitoba R3C 085, 1994.
Dowding,- C. H. (ed), Site Characterization Exploration,

Proceeding of Specialty Workshop, American . Soc1ety of Civil ...

Engineers, New York, 1978,

Flanagan, F., “Description of Eight New USGS Rock. Stan-
dards,” U.S. Geological Survey Frofessional Paper 840, 1976.

Harrelson, C. C., Rawlins, C. L., and Putyondy, J. P., Stream
Channel Reference Sites: An Illustrated Guide for Field Tech~
niques. General Technical Report RM-245, Rocky Mountain
Forest and Range Experiment Station, Fort Collins, CO, pp- 61,
1994,

Hanna. T. H., Field Instrumentation in Geotechnical Engi-

neering , Trans Tech Publications, Clausthal, Germany; 1985, -

Hathaway, A. W., Manual on Subsurface Investigations,

American Association of State” Highway and Transportation *

Officials, Washington, DC, 1988.
Hvorslev, M. 1., Subsurface Exploration and Sampling of
Soils, Eng'meenng Foundation, New York, 1948,

Krajca, J. M., Water Sampling, Halstead Press, John Wllcy& -
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Sous, New York, 1989.

Kolm, K. E., Conceptualization and Characterization af
Hydrologic Systems, GWM]I 93-01, International Ground Wa-
ter Modeling Center, Golden, CO, 1993.

Koterba, M.T., Wilde, FD., and Lapham, W.W., Ground
Water Data Collections Protocols and Procedures for the
National Water-Ouality Assessment Program: Selection and
Documentation of Water-Quality Samples and Reluated Data,
U.S. Geological Survey Open-File Report 95-399, 1995.

Lambe, W. T., Soil Testing jor Engineers, John Wiley &
Sons, New York, 1951.

Lapham, W.W., Wilde, F.D., and Koterba, M.T,, Ground
Water Duta Collections Protocols and Procedures for the
National Water-Quality Assessment Program: Selection, In-
stallation, and Documentation of Wells, and Collection of
Related Data, 1.8, Geological Survey Open-File Report 95-
398, 1995.

Mudroch, A., and Azcue, J. M., Manual of Aquatic Sediment
Sampling, Lewis Publishers, Boca Raton, F1., 1995.

Nielsen, I. M. (ed), Practical Handbook of Ground Water
Monitoring, Lewis Publishers, Chelsea, M1, 1991.

Relun, B. W., Stolzenburg, T. R., and Nichols, D. G., Field
Measurement Methods for Hydrogeologic Investigations: A

Critical Review of the Literature, EPRT EA-4301, Electric

Power Research Institute, Palo Alto, CA, 1985.

Stednick, ). D., Wildland Water Quality Sampling and
Analvsis, Academic Press, HBJ, San Diego, CA, 1991

Struckmeier, W. F., and Margat, J., Hydrogeological Maps:
A Guide and a Standard Legend, IAH International Contribu-
tions to Hydrogeology Vol. 17, Verlag Heinz Heise, Hannover,
Germany, 1995.

Thompson, C. M., et al, Technigues fo Develop Data for
Hydrogeochemical Models, EPR1 EN-6637, Electiic Power
Research Institute, Palo Alto, CA, 1989,

Wilson, L. G., Everett, L. G., and Cullen, 8. L., Handbook of
Vadose Zone Characterization and Monitoring. Lewis Publi-
cations, Boca Raton, FL, pp. 896, 1994.

Wilson, N., Soil Water and Ground Water Sampling. Lewis
Publishers, Boca Raton, FL, pp. 192, 1995,

U.8. Army Corps of Engineers (USACE),” Engineering and
Design—Geotechnical Investigation,” Engineer Manual EM
1110-1-1804, USACE, Washington, DC, 1984,

U.S. Geological Survey (USGS), National Handbook of
Recommended Methods for Water Data Acguisition , USGS
Office of Water Data Coordination, Reston, VA (Individual
chapters have come out at different dates. Pertinent chapters
include: (2) Ground Water (1980); (4) Biological and Micro-
biological Quality of Water (1983); (5) Chemical Quality
(1982), and (6) Soil Water (1982)), 1977.

U.S. Environmental Protection Agency (EPA), Test Methods
Jfor Evaluating Solid Waste, 3rd ed, EPA/530/SW-846 (NTIS
PB88-239223); First update, 3rd cdition, EPA/530/SW-846.3-1
(NTIS PBB9-148076). (Second edition was published in 1982
(NTIS PB87-1200291); current edition and updates available
on a subscription basis from U.8. Government Printing Office,
Stock #955-001-00000-1, 1986¢, Revised final draft of Chapter
11 (Ground-Water Monitoring System Design, Installation, and
Operating Practices contains extensive new guidance—see
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U.S. EPA, 1993b) (Volumes 1A ( Merallic Analvtes), 1B
(Organic Analvtes), and IC (Miscellaneous Test Methods)
cover laboratory methods; Volyme II covers field methods
(Part 1V defines acceptable and unacceptable designs and
practice for ground-water monitosing}, 1986c.

" U.S. Environmental Protection Agency (EPA), Final RCRA
Comprehensive Ground-Water Monitoring Evaluation (CME)
Guidanice Documeny , Final OSWER Directive 9950.2 (NTIS
PRO1-140194), (Contains detziled checklist drawing heavily
from U.S. EPA (1986b)), 1986d.

1J.8. Environmental Protection Agency (EPA), 4 Compen-
divim of Superfind Field Operations Methods, EPA/540/P-87/
0071 (NTIS PB88-181557), 1987a.

1.S. Environmental Protection Agency (EPA), Data Quality
Objectives for Remedial Response Activities, Vol 1: Develop-
ment Process; Vol 2: RI/FS Activities at a Site with Contami-
nated Soils and Ground Water, Vol 1 EPA/G-87/003 (NTIS
PB8§-131370), Vol 2 EPA/G-87/004 (NTIS PB88-131388),
both Volumes: NTIS PB90-272634, 1987h.

U.8. Environmental Protection Agency (EPA), Guidance for
Conducting Remedial Investigations and Feasibility Studies
Under CERCLA, EPA/540/G-89/004, OSWER Directive
§355.3-01 (NTIS PBB9184626), 1989a.

1).8. Environmental Protection Agency (EPA), RCRA Facil-
ity Investigation (RFI) Guidance; Interim Final, Vol 1. Devel-
opment of an RFI Work Plan and General Considerations for
RCRA Faciiity Investigations; Vol 1I: Soil, Groundwater, and
Subsurface Gas Releases, Vol NI Air and Surface Water
Releases; Vol IV: Case Study Fxamples, EPA/S30/SW-89/001,
OSWER Directive 9502.00-6D (NTIS PB89-200299), 1989b.

U.S. Environmental Protection Agency (EPA), Site Charac-
terization for Subsurface Remediation, EPA/625/4-91/026,
1991a.%® .

U.8. Environmental Protection Agency (EPA), Emergency
Response Team (ERT) Standard Operating Procedures (SOPs)
Compendia: Compendium of ERT Soil Sampling and Surface
Geophysics Procedures(EPA/540/P-91/006);, Compendium of
ERT Groundwater Sampling Procedures (EPA/540/P-51/007);
Compendium of ERT Waste Sampling Procedures (EPA/540/P-
91/008); Compendium agf ERT Toxicitv Testing Procedures
{EPA/540/P-91/005}), 1991b.

U.S. Environmental Protection Agency (EPA), Guidance for
Performing Preliminary Assessments Under CERCLA, O8-
WER 9345.0-01 A (NTIS PB92-963303), 1991c.

U.S. Environmental Protection Agency (EPA), Environmen-
tal Compliance Branch Standard Operating Procedures and
Quality Assurance Manual, U.S. EPA Region IV Environmen-
tal Services Division, College Station Road, Athens, GA
30613, (Available in Wordperfect 5.1 electronic format),
19914d.

T.8. Environmental Protection Agency (EPA), Character-
ization Protocol for Radioactive Contaminated Soils, OSWER
Directive 9380.1-10F8, 1992. .

U.S. Environmental Protection Agency (EPA), Field Meth-

‘ods Compendium (FMC} Drafi, OERR #5285.2-11, Analytical

Operation Branch, Hazardous Site Fvaluation Division, Office
of Emergency and Remedial Response, (Available in Wordper-
fect 5.1 electronic format from OERR, Washington, DC), 1993.
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U.S. Emvironmental Protection Agency (EPA), RCRA
Ground Water Monitoring: Draft Technical Guidance, EPAJ
530/R-93/001 (NTIS PB93-139350), (Provides supplemental
guidance to Chapter 11 of U.S. EPA (1986a) and U.S. EPA
1986b), 1993b.

U.S. Geological Survey (USGS), Various authors and dates,
Techniques of Water-Resources Investigations. (Series of more
than 50 manuals and guides describing addressing field and
laboratory methods for water resources investigations).

U.S. Naval Facilities Engineering Command, Soil Mechan-
ics Design Manual, Volume 7.1. NAVFAC DM-7.1, (NITS
ADA123-622) Department of the Navy (Includes section on
site assessment techniques), 1982,

X2.2 Controlled and Uncontrolled Waste Sites:

Breckenridge, R. P, Williams, J. R., and Keck, J. F,
Characterizing Soils for Hazardous Waste Site Assessments.
Ground-Water Issue Paper EPA/600/8-91/008, 1991, Available
from CERI.>®

Bymes, M. E., Field Sampling Methods for Remedial
Investigations, Lewis Publishers, Boca Raton, FL, 1994.

Cheremisinoff, P., 4 Guide to Underground Storage Tanks:
Evaluation, Site Assessment and Remediation. Prentice-Hall,
Englewood Cliffs, NJ, 1992,

Cohen, R. M., and Mercer, 1. W., DNAPL Site Evaluation.
EPA/600/R-93/002 (NTIS PB93-150217), (Also published by
Lewis Publishers as C. K. Smoley edition, Boca Raton, FI.),
1993.

Ford, P. J., and Turina, P. J., Characterization of Hazardous
Waste Sites—A Methods Manual: Vol 1. Site Investigations.
EPA/600/4-84/075 (NTIS PB85-215960), 1985.

Ford, P. ], Turina, P. 1, and Seely, D. E., Characterization
aof Hazardous Waste Sites—A Methods Manual: Vol II. Avail-
able Sampling Methods, 2nd ed. EPA 600/4-84/076 {(NTIS
PB85-521596), 1934,

Lipsky, D., Tusa, W., Dorrier, R Johnson, B., and Gardner,
M., Methods for Evaluating the Attamment of Cleanup Stan-
dards, Volume 1: Soils and Solid Media. EPA/230/2-89/042
(NTIS PB89-234959), 1989,

Oudjik, G., and Mujica, K., Handbook for Identification,
Location and Investigation of Pollution Sources Affecting
Ground Water. National Water Well Association, Dublin, OH,
1989.

Pankow, IF. and Cherry, J.A., (eds.), Dense Chlorinated
Solvents and Other DNAPLs in Groundwater: History, Behav-
ior, and Remediation, Waterloo Press, Guelph, Ontario, 1996.

Sara, M. N., Standard Handbook of Site Assessment for Solid
and Hazardous Waste Facilities. Lewis Publishers, Boca Ra-
ton, FL, 1994,

Sisk, S. W., NEIC Manudl for Groundwater/Subsurface
Investigations at Hazardous Waste Sites, EPA/330/9-81-002
(NTIS PB82-103755), 1981.

U.8. Department of Energy (DOE), Various Dates, The
Environmental Survey Manual. DOE/EH-0053: VoI 1 (August
1987; Chapter 8, 2nd ed. Tanuary 1989—Sampling and Analy-
sis Phase); Vol 2 (August 1987—Appendixes A, B, and C); Vol
3 (2nd ed. Janmary 1989—Appendix D, Parts 1, 2, and 3;
Organic and Inorganic Analysis Methods and Non-Target List
Parametersy, Vol 4 (2nd ed, Janvary 1989—Appendix D, Part
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4, Radiochemical Analysis Procedures); Vol 5 (2nd ed. January
1989-Appendixes: E, Field Sampling; ¥, Quality Assurance;
G, Decontomination, H, Sample Management, I, Sample Han-
dling, Transport and Documentation; 3, Health and Safety; and
X, Sampling and Analysis Plany.

U.S. Environmental Protection Agency (EPA), RCRA Facil-
ity dssessment Guidance. EPA./SSO SW-86-053, (NTIS PBS?—
107769), 1986a. e

U.S. Environiental Protection Agency (EPA), RCRA
Ground Water Monitoring Technical Enforcement Guidance
Document. EPA/530/SW-86/055 (OSWER-9950.1} (NTIS
PB87-107751), 332 pp. (Also published in NWWA/EPA Se- -
ries, National Water Well Association, Dublin, OH. Final
OSWER Directive 9950.2 (NTIS PB91-140194). Executive
Summary: OSWER 9950.1a (NTIS PB91-140186), 17 pp. See
also, U.S. EPA (1984d and 1993b), 1986h.

U.S. Environmental Protection Agency (EPA), U.S. KP4
Region VIII Standard Operating Procedures for Field Sam-
pling Activities, Version 2, Denver, CQ, 1994,

Water Pollution Control Federation (WPCF/WEF), Hazard-
ous Waste Site Remediation: Assessment and Characterization,
Water Environment Federation, Alexandria, VA, 1988, ©

X2.3 Environmenial Audits and Site Assessments:

Association of Ground Water Scientists and Engineers,
Guidance to Environmental Site Asse.ssments National Ground
Water Association, Dublin, OH, 1992,

Colangelo, R. V., Buyer Be(a)ware: The Fundamentals of
Environmental Properl:v Assessmem‘s Natlonal Water Well
Association, Dublin, OH, 1991, ' '

Environmental Resource Center, Environmental Auditing
and Compliance Manual, Van Nostrand Reinhold, New York
(1992 edition published by Environmental Resource Center), -
1993, .

Hess, K., Environmental Site Assessment, Phase I' 4 Basic )
qude, Lew1s Publishers, Boca Raton, FL, 1993.
Envzronmenta! Assessment McGraw-Hlll New York 1993

Vincoli, I., Basic Guide to Invironmental Compliance , Van
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